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ABSTRACT 

This report is a current review and exposition of the 
*role df information technology in education, with particular emphasis 
on the perspectives of leaders in the field and their' vievs regarding 
its many potentials^ The purpose ot the study is to present an 
'overview of Jbhe hearings and associated workshop on this topic held 
during the 96th Congress, within the broader context of a perceived 
need ,for the creation and im|»lementation of a cohesive national 
policy governing the management of our information resources. Hot 
only are the thematic and factual contents of these sessions analyzed 
and synthesired, but their commentary on the state of education in 
the Onited States and the impact of advanced technology is attuned to 
the special interests of those legislative oversight groups which 
must plan for the future. (iuthor/IIS) 
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LETTER OP TRANSMITTAL 



Committee ok Science and TECiiKotooy, 

U.S. House qf RsraESEN: atives, 
Hon. Don Fuqua, '^'^^^ton, D.C., December 22, 1980. 

Chairman, Committee on Science and Technology, U.S. House of Rev- 
resentatives, Washington, D.O. ^ 
I^R Don: We are transmitting herewith a report, "Information 
Tl^^J'^^ Education: Perspectives and Potentials", prej^ed by 

1"?' ^^r^ and Technology of the Committee on Sci- 
P the Subcommittee on Select Education of the 

Committee on Education and Labor. 

Tlje Subcommittees requested an analysis by CRS of their ioint 
^lil^- ""^^^o^shop held in April, 1980 on, Information Tech- 
nology m Education and of related issues from the October 1979 
hearing on Information and CommunicatioPS Technologies Appro- 
pnate in Education. The transmitted report consists of two parts, 
the hrst txsmg conclusions and recommendations written by the staff 
of the Subcommittee on Science, Research and Technology based on 
. the hearings and the.CRS analysis. 

The witnesses at both sets of hearings stressed the importance for 

developing skills in information 
i; S!^^^^ education and training. The Subcommittee be- 

heves that this report provides a useful analysis of the actual and 
potential contributions of information to the quality and productivity 

„ « .oi^^"*'*^'-^"*' ^1°^ '^"^^^ *s well as to ihe improvement of 
general scientific and technological literacy in' our society. We com- 
mend It to ^ our attention and to the attention of th? Members of the 
Committee oa Science and Technology. 
Sincerely, 

Georoe E. Brown, Jr., 

Chairman, Subcommittee on Science, 

Research and Technology. 

(lU) 
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LETTER OP SUBMITTAL 



C!0N0R£8SI0NAIi Be8£ARCH SerVIGE, 

Th£ Librabt of Conobess, 
Washington^ D.Cy December i5, 1980. 

Hon. George E. Brown* Jr., 

Chairman^ Suhcorrmuttee on Science^ Research wnd TechrJlogy^ Com- 
mittee on Rdeivce and Technology^ optid 
Hon. Paul Simon, 

Chairmun^ Subcommittee on Select Education^ Committee on Edwa- 
tion and Labor^ House of Representatives^ Washington^ D.G. 
Dear Messrs. Brown and Simon : I am pleased to submit this report 
entitled "Information Technology in Education; Perspectives and 
Potentials," prepared at the joint request of the Subcommittee on 
Science, Researcn and Technology of the Committee on Science and 
Technology and the Subcommittee on Select Education of the Com- 
mittee on Education and Labor, both of the U.S. House of Rep- 
resentatives, 

This study presents an overview of the roles and impacts of in- 
formation technology — computers, telecommunications, teaching 
machines, audio and video devices — associated with its application in 
the educational environment. ^ 

Following an executive summary which sets forth the essential facts 
and associated observations related to this complex topic, an intro- 
ductory section underscores the objective of the^ report, the multi- 
faceted significance of the problem, and possible options for congres- 
sional i^^itiative. The evolution of the various technologies now em- 
ployed educational administrators and instructors is examined in 
order to establish a suitable basis for determining better their future 
potential. Next, a chronology of selected events and reports reflecting 
key public and pjrivate sector endeavors is available, after which an 
exposition of legislative actions by six Congresses (during the period 
1969-1980) is presented. The focal area of the report, as directed by 
the requesters, is a series of two hearings plus a technical workshop 
conducted during the 96th Congress. These are treated in detail, as the 
witness statements and their exchanges with congressional personnel 
are discussed within the context of stated objectives and prior legisla- 
tive enactments. The recommendations of the six workshop groups, 
along with a useful identification of salient issues, also are featured. 
A series of appendices-ofters pertinent illustrative project descriptions, 
milestone writings* and selective material on legislative measures. 

The direction of this Project was the responsibility of Robert L. 
Chartrand, our Senior Snecialist in Information Policy and Tech- 
nology, who was the chief author and editor. Jerry Bon;ell, Research 

(V) . 
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Assistant to the Senior Specialist, prepared Chapters II and III, 
performed the extensive backgjx)und research requisite for Chapter 
IV, and helped assemble the numerous appendices. Manuscript prep- 
aration was accomplished with the significant contribution of Hilde- 
gard Cote, executive secretary to the Senior Specialist. The manu- 
script was rcviewe<l by Dr. K. Forbis Jordan, CRS Senior Specialist 
in Education. This contribution to the House Subcommittee on 
Science, Research and Technology and the House Subcommittee on 
Select Education was coordinated witli and reviewed by Dr. Grace 
L. Ostenso and Dr. Kobert Sinythe of the former Subcommittee staff. 

On behalf of the Congressional Research Service, I should like to 
express my appreciation for the opportunity to perform this chal- 
lenging and timely assignment. 
Sincerely, 

Gilbert Gtn>E, 

Director. 
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Committee on- Sciknce and Technology, 

U.S. House of Representativics, 

Washington^ D,C,^ July 5, 19S0. 

Hon. Gilbert Gude, 

Director^ Corigres^ional Uesearck Service^ Library of Congress. 
Washington^ D.C. 

Dear Gil: As you know, our respective Subcommittees cospon- 
sored a seminar on Information Technology in Education on April 2 
and 3. As we indicated earlier, the Congressional Research Service 
staff made a valuable contribution to the planning and success of 
that seminar. 

At this time, we would a^in like to tequest the services of the 
Congressional Ilesearch Service staff to prepare an analysis of the 
hearings. We would appreciate it if the analysis could be developed 
un^er the guidance of Mr. Robert Chartrand and include the April 
hearings as well as related issues from the October 1979 hearings on 
Information and Communications Technologies Appropriate in Edu- 
cation. If feasible, we would like the analysis to include : an executive 
summary, introduction, analysis by hearing or issue, and suggested 
options for Congressional initiativ^^ which the Subcommittees could 
utilize as a basis for formulating recommendations. 

We sincerely appreciate the assistance and expertise of your staff 
in helping us address the challenges of information b^^hnology in 
education. 

Sincerely, 

George E. Brown, Jr., 

Chairman^ Svh committee on 
Science^ Research and Technology. 
Paul Simon, 

Chairman^ Subcommittee on 

Select Edu4)a^ion. 
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CONCLUSIONS AND RECOALMENDATIONS OF THE SUB- 
COxMiMIlTEE ON SCIENCE, KESEARCH AND TECH- 
NOLOGY 

The advances of the last decade in microelectronics and telecom- 
munications have greatly increased the quality and range of services 
provided by information technology, often at dramatically reduced 
cost This ^'Infonnation Revolution" has brought about great changes 
in busmess and commerce, in recreational opportunities, and even Jn 
the way we as individuals think about the world. 

The effects of this revolution are jKirhaps least apparent in our edu- 
cational institutions and practices. There are many reasons for this, 
some economic, some historical, and some having to do with the inertia 
and inherent conservatism of large systems. Yet it is unrealistic to 
imagiiie that the information revolution will not, in its coui'se, have a 
profound impact on education. In fact, a close look at the whole educa- 
tional enterprise—including industrial and military training, con- 
tinuing and professional education, ard special education, as well as 
teaching in traditional classrooms— reveals that information technol- 
ogy has already made significant penetration into these activities. The 
rate of the penetration has not been as rapid as manj^ had hoped or pre- 
dicted ten or twenty years ago. However, there is virtual unanimity of 
opinion that information technology will be an increasingly impor- 
tant part of education at all levels. The only disagreements center 
around the rate of this increase and the precise ways in which the 
technology should be employed. 

Potential Fukctioxs of Ixfohmation Tkcuxolooy in Educatiox 

Information technology will have three impoitant functions in the 
education milieu of the future. First, it has the potential to incitiase 
educational productivity. It offers the possibility of inci^casing the 
learner's productivity through individually-paced computer-aidcS ex- 
ercises, with frequent progress jnonitoring and feedback. It will also 
add to the productivity of teachers and administrators by inci-casing 
the quality and availability of data on individual and collective 
achievement, and by permitting rapid and accurate exchange of these 
data via electronic networks. The capability of the technology to per- 
form this first function is not in dispute, although good working ex- 
amples are not yet numerousor highly visible. 

The second function — the role of computers, videmliscs, and other 
teclmolof^ies in enhancing the quality of education — is somewhat more 
s|x^culatlve. The new technologies do more than simply allow us to do 
the same things better — they offer the possibility of (ioing things we 
never thought of before. Additional research and development must 
be pursued befoic most of this promise becomes reality, out some of 
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the exciting n^w work with computer-managed videodiscs offers a 
glimpse of future poi^sibilitics. In the not-too-distant future, an intelli- 
ireiit i*ouiputer armed \\ith ^'knowleil^re bas(»b*' and bophisticate<l 
graphics capal>ilitie,s may Ik* able to query a learner (perhap.s in nat- 
ural language) to discover the extent of his kno\^ ledge, and carry on 
a dialogue at tlie appropriate level with the h amer. Or the computer 
may be able to diagnosi* systematic conceptual errors made by the r 
learner and work ^vitll the learner to cori^t them. Clearly more re- 
.seaix^li in the dvA elopuient uf a>gniti\ e skilL and in the ix»presentation 
of knowledge will be needed before tliis second function approaches 
realization. * 

The third educational function of information technology will be to 
prepare citizens tu deal with a future in which information products 
and ser\ice,s will comprise a very large portion of our national and in 
teniational economy. The efiicicut generation and transnii.^.^ion of in- 
formation is u viitica) ingredient of national product l\ity and a vital 
aspect of national security. A recent report tran>mitted to tlu' Presi- 
dent by the National Science Foundation and the Department of Edu- 
cation emphasizes the weakness of American education in .science and 
technolog} preparation for non-specialists and points out a present 
and anticipated future shortage of highly-trained computer snentists. 

Preparation in "Vo:r»puter literacy' will not and rannot take place 
entirely in the scho-jL and colleges! although these institutions must 
play a inajor part. Perhaps the most striking post-lOTO development 
in information technolog} is the microcomputer. These small but so- 
phistiiati'd machines will allow libraries, science museums, and per- 
haps a new breed of ••public information center.^' to contribtitc to the 
development of computer literacy, for adults a^ well as for students. 
Tim contimially de^^reasing cost of the microcomputer will allow the 
home to become an enriched learning en\ironment, with consequences 
that could be profound. 

Federal Ixvolnxment in iNFonxrATiox Tkchnology ix Im^lh atiox 

In seeking the projjer nature and level of Federal involvement in 
information technology in ication, there are urgent immediate (jues 
tions as wxdl a.s .some important long-range impacts which warrant 
coii.sideration. The more immediate problems fall into three broad 
categories: 

(1) Development and evaluation of the technology and of re- 
lated educational materials; 

(2) Training of educational personnel to recognize the poten- ^ 
tial contributions of information techjudogy to learninfir. to en- 
hance instruction through the use of thio technology, and to con- 
tribute to the improvement of courseware; 

(^) Dissemination of curricular materials and of reliable in- ^ 
formation about the nature and effectivcne-s of luudware and 
courseware. 

All of tlie.se. of course, w ill require su.stained long-term effort.s. but 
they are pres.Mng i>ioblem:5 wliich need attention now . In approaching 
these problems, a fourth consideration needs to be boine in mind: 
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(4) Preserving and strongtheninnr traditional local control and 
initiative in education while at the .same time hi inpinp the benefits 
of new educational technolonry into effect a.s rapidly as possible. 

Development and Evaluation of Ttehnoloqxj and lulurailonal Mate- 
riah,— l\\^ Federal government has been deeply in\oived in the de- 
velopment and evaluation of infonnation technology for a long time, 
and the Subcommittees l)elieve that thi.s in\ohvmen't should continue. 
The performance of the private tector in hardware and hoftware de- 
velopment has been impressive indeed, but educational uuirkets have 
not been the driviu": force behind most of this development. Education 
presents a largely disaggregated market, and identilial \\ .subarens w ith 
a critical need for technology, such as special education, do not offer 
a large target for profits. The development of ^'generic" software ap- 
propriate for educational uses— such as inj)ict -output systems for non- 
widei-s. hearing impaiml per^ons or for the. physicidly handlcapixid 
— may need continuing Fe<leral stinudation. 

The most pressing and important problem of development is the 
rreation of high-quality educational courseware. Many promising 
starts with con pnters in the classroom have fallen with a thud once 
the novelty of the computer wore off and the inadequacy of the course 
niateiials became apparent. Generating incentives for private sector 
courso\^ar(^ develomnent is a major concern. A strong body of opinion 
holds that only through Federal intervention in the promotion of 
conipatibilitv standards for computer-based courseware can a market 
be developed that is sufficiently large to draw the serious attention 
of * biir" developers of educational materials. Protection of intel- 
lectual property through copyright or other restrictions is also a 
s<*rious issue. 

It appears that the private sector, including lx)th equipment von- 
doi-s and publishers, is on the verge of major initiati\es in courseware 
development and promotion. The nature and duality of these initia- 
tives will have considerable bearing on the future of information 
technology in education, and it is of the greatest importance that 
tho t'durational establishment ha\ e early and continued involvement 
in these efforts. There is a need for an ongoing forum in which the 
Federal go\ernment- educational organizations and institutions, and 
till' private sector can join foEces to identify areas of need and maxi- 
nniin r)pporti:nity and shape efforts accordingly. One mechanism that 
ha- en suggested for this purpose is the creation of regional insti- 
or ^ centers cf excellence'* as a joint public-private venture, for 
ad\anced research and development, validation, and distribution of 
exemplary curricula. 

Th(» proliferation of microcomputers has brought with it a prodi- 
\iw\^ oMtponrinir of cour ^ materials for micros, many of them devel- 
oped (liiortly bv tea.diers. These materials are ofVidely varving 
M'» ditv. The concept that the development of nrood courseware is an 
oxtn moly diffimlt undertaking, at least as difficult as writing a good 
joxtl^ook. ha^ not been generallv reeogniml. A concerted effort to 
identifv an(l support talented indi\iduals to author courseware, per- 
Iiap<; including a fellowship pronrram for promisinir authors, might 
re^^uh in sub-tanrial production of high-quality material. 
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The torrent of course materials has made evident an urgent need 
for the cvahiation of courseware. Such evaluation needs to take full 
co<rnizftnce of the needs and limitations of the classroom teachers 
and participatin/r students who will use the materials. Reviewing 
procosses for newly-developed courseware would be very helpful to 
school district.s and individuals faced with a deluge of course mate- 
rials, many of which are currently of dubious quality. In particular, 
courseware which is developed under Federal auspices should include 
provision for careful evaluation and validation. 

Training of Educational Perscmnel—ThQ training of educational 
personnel in the use of information technology has been purported 
to l>e as much a problem of attitudes as of skills. Teachers, adminis- 
trators, and Boards of Education must be convinceu that the pro- 
posed use of technology is humane; that it can make enough of a 
positive contribution to the quantity and/or quality of instruction to 
justify its expense: and that it will not demean or subvert the role 
of the teacher in the classroom. These needs point up the importance 
of iniildin/r a solid base of knowledge about tne costs and capabilities 
of technology in education, through testing and evaluation. They also 
imply that decisions to introduce information technology into the 
i-la.<«room must be made with the meaningful participation of teach- 
ers and lay boards. 

Opportunities to familiarize teachers and administrators with infor- 
mation technology need to be sought and to be created. Special purpose 
institutes are one means of doing this; they might focus on a specific 
discipline, on a certain configuration of technologies, or on evaluation 
of offectivoness. In-service training and continual updating of skills 
will also 1)0 needed in a field moving as quickly as information 
technology. 

Attention needs also to be directed at the instit!:tions of higher edu- 
cation which train teachers. Often these institutions are ill-equipped 
to provide training in instructional uses of information technology. 
They need better equipment and giiidance in the development of appro- 
priate curricular materials. 

Public-private cooperation throu/rh such activities as loan of per- 
sonnel and equipment sharing could help upcrrade the capabilities of 
schools and colleges to use information technolo<ry. Revision of tax 
policies and royalty restrictions may be needed to stimulate such 
activities. 

Disnfimifuifion of Cvrriadar Mafe'HalJi.—Tho third area of urgency 
is the dissemination of curricular materials and of information about 
the capabilities of hardware and software. Here again the Federal 
government has long played a role, through its support of CONDUIT 
and the new dissemination program nt the Northwest Recfional Educa- 
tion Laboratory, and in other ways. The abundance of course materials 
for micros makes necessary the sifting, classifying, and evaluation of 
these materials- 

One way of dis^eminatin'r results is through large-scale demonstra- 
tions of promi<:inff new applications. This need not require the creation 
of new in<;titutions, althnucrh it certainly will rennire the coordinated 
activity of e.xistincr institutions. Some appropriate projects for such 
demonstrations could probably be identified today. In seeking such 
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projects, the educational establishment should begin to look beyond its 
traditional boundaries for models. Military and industrial training 
activities have developed some sophisticated uses of information tech- 
nology, some of which offer great promise for schools and colleges. 

Beyond demonstrations, another step could be the creation of a 
c*eiJ™ghoiise, or the expansion of existing facilities, to consolidate 
and disseminate information about information technology. Eventu- 
ally, this activity could be carried out through an electronic network 
connecting libraries and other information centers. It seems unlikely 
that such a network will spring into being without assistance from the 
Federal government. 

Maintainiruf Local E ducat IovmI InUiatives While Facilitating the 
Application of Beneficial Technology,— Strong local community inter- 
est and participation has been a historic strength of the U.S. educa- 
tional system. Whatever innovations are planned and adopted should 
be designed to strengtlien and use this asset and must guard against 
weakening it. This implies that much effort must be devoted to insur- 
ing the participation not only of local school officials and planners, but 
also of parent and citizen educational groups. Such participation 
would be enhanced by a vigorous local-oriented educational and dem- 
onstration program, perhaps in partnership with the private sector 
through such mechanisms as local educational technology "fairs." 

Lonq-Ranqe Implications of Information Technology 

The longer-range implications of information technology in educa- 
tion include the need for future researcli and development in cognitive 
science and software engineering as well as economic and social im- 
pacts to be anticipated from information technology. The first cate- 
gory centers primarily on efforts to develop information technology- 
based learning systems that allow students broad opportunities for 
initiative. These efforts will require an increasingly sophisticated in- 
teraction between cognitive sciences and educational technology in 
order to create fruitful machine-assisted learning environments. Such 
activities are complex and time-consuming and will need to be nur- 



The second category of long-range implications derives from the 
future near-ubiquity of microcomputers and other information sy.stems 
m the home and workplace. The possibility of meeting educational 
needs in the workplace and in the home may, in the sliorter term, gen- 
erate pressure for wider use of information technology in scliools and 
collepres. In the loni?er run it could have a great impact on the role and 
structure of educational institutions at all levels. This prospect in turn 
rai.^s some troubling questions about the possible effects of decentral- 
ized leaming .systems on individual .social development and inter- 
personal relationships. 

Even more disturbing is the question of equity. Proponents of 
educational technology have prai.sed its ability to equalize opportunity 
by delivering quality programs and services to i*emote areas or to di.s- 
advantaged .sectors of the population. Even if we make the unlikely 
assumption that everyone can purchase the needed equipment, taking 
advantage of this technology depends not only on the availability of 
hardware but also on the presence, in the school, workplace, or hon.e, of 
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people trained to accept and use it for educational endr. Promoting 
equality in this dimension is a major challenge. 

Finally, there is a question central to the values of a democratic 
society, that of preservation of privacy and individual liberties. This 
concern arises both from the growing vulnerability of computerized 
data to unauthorized access and the fear that technology-based educa- 
tion will emphasize facts over concepts and principles and could be • 
used to propagandize and condition tastes and beliefs. This possibility 
makes it all the more important that development and application of 
technology-based systems be accompanied by frequent evaluation and ^ 
review by informed citizen opinion. 

Rfxommendatioks 

The use of information technology in education and training should 
be viewed a.s an important contribution to the development of scien- 
tific and technological literacy. As such it has significant implications 
for our national economic productivity and for national security, and 
should be accorded a high priority in Federal support. 

The diffuse legislative authority and the levels of current funding 
of program^ concerning instructional uses of information tcchnolof?y 
should be reassessed in the light of the increasing significance of in- 
formation and of electronic technology for our national well-being. 

Based on the Congressional oversight activities analyzed in this re- 
port, the Subcommittees propose the following recommendations for: 
immediate actions, long-range concerns, and improving the instnic- 
tional and training functions of the Federal Govemment through the 
use of information technology. 

I. RECOM3IEXDATIONS FOR IMMFJilATE ACTIONS ^ 

.4. Development of an mvlementation plan for Federal coordination 
ami support of Imt ntvtioh^il (t.s(H of tnfoimation technology— 

1. The Director of the Office of Science and Technolof^y Policy 
should convene a Task Force for information technology in education 
composed of : 

a. A Coordinating Group including chairpersons of the existing 
interagency committees with responsibilities in this area, such as 
the Subcommittee on Educational Technology of the Federal 
Interagencv Committee on Education, the Committee on Com- 
puters in the Ijoarning Society, and the Interagency Group for ^ 
Computer-Based Training, and representatives from each of the 
principal Federal agencies involved with instructional uses of in- 
formation technology; and 

b. An Advisory Committee including representatives of equip- » 
ment manufacturers and the publishing industry, educational and 
professional associations, university and other centers involved in 
courseware development, and state and local officials. 

2. The function of the Task Force would be to develop an objective- 
ba^cd implementation plan with particular emphasis on : (a) develop- 
ment of the technology and appropriate courseware; (b) training of 
educational personnel; (c) validation and evaluation of course mate- 
rials and dissemination of related information. 



15 



7 



In tho development of this plan the Advisory Committee would pro- 
vide advice to the Coordinating Group. Special attention would be 
given to strengthening and naintaining local initiative and participa- 
tion inthe c<hicationar sybteiii while facilit^iting access to the benefits of 
now eOucatioi* technologies. 

a» Developinent of the technology/ and appropriate courseware, — The 
Coordinating Group should make a determination of the appropriate 
nature and level of Federal support and program focus for technology 
and courseware development 

Tho Advisory Committee would place particular emphasis on recom- 
mending strategicb for creating exemplary course materials to be used 
with computers, videodiscs, and other information technologies. Its 
functions would include; 

(i) Studying and recommending options for compatibility 
standards to increase the transportability of courseware; 

(ii) Examining potential disincentives to private sector invest- 
ment in courseware development, including royalty restrictions, 
tax, patent, and copyright laws, communications rejrulations, and 
antitrust policy, and recommending changes needed to facilitate 
development oi high-quality courseware; 

(iii) Identifying an appropriate role and funding level for the 
activities of the regional education laboratories and centei's in tech- 
nology and courseware development; 

(iv) Assessing the feasibility and desirability of establishing 
^'centers of excellence" for large-scale efforts in advanced research 
and development of courseware i and 

(v) Considering options for funding such centers, if recom- 
mended, including the feasibility of a small tax on equipment sales 
and telecommunications transmission. 

b. Development of programs for training of educational person7id. — 
Action should be taken as quickly as possible to increase opportunities 
and incentives for teachers and administrator's in schools and colleges 
to familiarize themselves with the instructional potential of informa- 
tion technology. 

Such a program should be based on solid assessment of the institu- 
tional barriers, including teacher attitudes and lack of incentives, toUie 
instructional use of information technology, and should include in 
particular: 

(i) Consideration of increased use of special-purpose institutes 
for teachers and administrators; 

(ii) Measures to facilitate in-service training and support serv- 
ices for innovative projects; 

(iii) Measures to enhance the training capabilities of institutions 
involved in the preparation of prospective teachers; and 

(iv) Measures to encourage cooperation of the private sector 
with schools and colleges in equipment sharing a; d pereonnei 
loans. 

c. Validation and evaluation of course materials and dissemination 
of related information. — (i) Attention should be directed to promot- 
ing and encouraging the improvement of existintr mechanisms for 
catalotring, evaluating, and disseminating information about course- 
ware, particularly that designed for microcomputers. 



^ 77-3S2 0 - 

ERIC 



8 

Methods should be sought to catalyze and, if necessary, subsidize the 
formation and expansion of review groups to provide information to 
individuals and educational institutions about the performance and 
implementation costs of educational software. An appropriate role for 
the National Diffusion Center in this activity should be identified. , 

(a) Careful consideration should be giver to demonstrating, on a 
large scale, the potential of information technology for education by 
means of carefully chosen, exemplary projects. 

Particular attention might be given to projects combining the capa- 
bilities of computers and satellite broadcast or cable video systems in 
novel and fruitful ways. 

(iii) Federal support of education should recognize the impact of 
institutions such as libraries and science museums in the educational 
process. 

Such institutions can play an important role in the development of 
familiarity with information technology by non-traditional learners, 
as well as by children. 

Programs of these institutions aimed at public understanding of 
technology should be^ncouvaged and supported. 

The creation of electronic library networks, with large urban 
libraries as network ^enters, should be encouraged and supported. 

3. The implementation plan should include as a minimum : 

a. specific^objectives based on identified needs for Federal 
coordination and support of instructional uses of information 
technology; 

b. c^r^ination strategies, timeframes, and resource require- 
ments for implementation ; 

c. appropriate areas of responsibility for the principal Federal 
agencies involved ; 

d. appropriate areas for cooperative interagency programs, 
mchiding the evaluation of the ability of existing interagency 
groups to coordinate and review such programs ; 

e. feasible options as needed to aid or supplant existing 
mechanisms m achievinjr the stated objectives ; and 

f. examination of existing legislative authorities and consid- 
eration of potential modifications needed to achieve stated 
objectives. 

^. A cojyy of tlie reports and recommendations of the six workshop 
discussion groups at the April. 1980 hearings should he forwarded 
immediately to the Secretary of Education. 

The Department should be asked to assess the recommendations and 
to cominont on the possibility of encompassing certain of these in the 
i>>epartment s immediate and long-term priorities.* 

!na'^lel?//of°qp.Xlmil*^^ *° April 1980. The Secretary responded 

«f a I)eDar?m!nf wS^^ Subcommittee chairmen, and aiinonnced the formation 

b7 thi a/« ^f^nt qi-*^;^ Jr^arnlDK and Elootronlc Technolojsles. to be chn red 

07 ine Assistant Secretary of Educatlona Research and Imnrovempnt tJia T««fc 
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II. IlECOMMKNDATIOXS IIEOARDINO LOKO-RANQE CONCERNS 

Congress and tlio Executive Brancli should recognize that tlie in- 
structional use of infonnation technology is progixissing rapidly and 
requires a long look ahead in order to plan judiciously. 

1. Fedral support of research and development in information 
^ science and technology should ffive importani consideration to — 

1. Research in the cognitive sciences aimed at understanding how 
information is organized and knowledge is represented; and 

2. Research in^o the ^^hUman factors^' of Tnan-machine interactio7iy 
♦ including input-output form?-ts, health effects of information tech- 

nolo^, and social and psychological effects of macliine-assisted 
learning. 

R, The Congressional authorization process for scientific research and 
develojmient should he made sufficiently flexible ^to permit reasomhle 
guaraiitees of continuing support for long-term projects* 

The design, implementation, and evaluation of projects involving the 
use of information technology in education often takes several years, 
and, absent an expectation of stable funding levels, investigators may 
avoid long-term projects of potential signihcance in favor of "safer'' 
short-term commitments. 

C, Congress and the Executive Branch should begin to anticipate and 
to pltm for the significant lmp(ut/i on tducational^ political^ and social 
institutions that may result from the widespixad use of information 
technology in education and elsewhere. 

In particular, the role of traditional educational institutions may be 
changed by the ability of information technology to make educational 
resources a\ailable to homes and workplaces, as well as to schools. The 
ability of the present institutional structure to carry out long-range 
planning for effects of this magnitude should be carefully evaluated, 
and'fllternative structures proposed where necessary. 

III. RECOMMEXD.\TIONS FOR IMPROVING THE INSTRUCTIONAL AND TILMN- 
INO FUNCTIONS OF TIi£ FEDER.\L GOVERNMENT THROUGH THE USE OF 
INFORMATION TECHNOLOGY 

. 1 . The Office of Personnel Management and other agencies engaged in 
large-scale (ducat ion and training of Federal employees should make 
a spetlal effort to demonstrate cost-effective uses of infoimmtion tech- 
nology in their own training opercUions, 
m In particular, evaluation should bo made of potential cost savings 

realizable by replacing centralized activities by on-site training using 
appropriate telecommunications technology. 

^ B, Congress should make approj>riate use of inf ormation technology in 

co^nveT/ing the results of ith Jicarings^ investigations^ and other activities 
to the //ublie,^ 



» In rpsponsp to thin recommondntlon the tummlttoo on S:lenc<' and Technology and the 
Committee on Education and I^bor haVe requested that the three part videotape series of 
the A\tTi\ 1980 Joint hearings^ wurkhhop and demonstration be made available to the public 
The three tapes nia> be purchased nt a cost of $60 each for Tape 1 and 3 and $85 for Tape 2, 
from the Office of the Clerk, U.S. Uouec of Representatives^ 11105 Capitol. WashlngtOD. 
D.C. 20515. 
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SUMMARY 



Thero is a tremendous amount of effort being directed, in all sectors 
and at all levels, at the uses of information technology in education. 
The need to coordinate and to help direct this eflfort is urgent Although 
education in the United States is largely a state and local responsibility, 
the high cost-s associated with hardware and software development 
make it unlikely that substantial progress can be made without a con- 
tinuing high level of involvement by the Federal government. The 
need to equalize opportunity, and the potential gains in productivity 
that a technologically skilled workforce could provide, argue for 
renewed commitment by the Federal go^mment. The Subcommittees 
urge that such a commitment be made. 
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It is the peculiar business of education to teach people how tc use 
the liberty they inherit and how to pass it on to the next generation, 
enlarged, enriched, and made more secure. 

Walter Lippmann, 
'The Soutli and the New Society," in 

Social Forces, VI (1927), p. 30. 

Whero human institutions are concerned, love without criticism 
brings >tagriation and criticism without love brings destruction. Tlie 
swifter the pace of change, the more lovingly men must care for and 
criticize their 'nstitutions to keep them intact through the turbulent 
passages. 

John Gardner, 
The Recovery of Confidence, p. 30. 

Information technology means the collection, storage, processing, 
(lisseinini^tion and use of information. It is not confined to hardware 
and softwaiy. but acknowledges the importance of man and the goals 
he sets for information technology, the values em ploye<l in mmcing 
those choices, the assessment criteria used to decide whether he is 
con troll in/; the technology and is bi»ing enriched by it. 

Informutioii Technology: 

Some Critical Impfications 
for Decision Makers, 1972, p. v. 

(13) 
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EXECUTIVE SUMMARY 



Cognizant of the need for a current review and exposition of the role 
of information technology in education, rith particular emphasis on 
the perspectives of leaders in the field and their views regarding lU; 
many potentials, the Subcommittet on Science, Research and lech- 
nology of the House Committee on Science and Technology, together 
with the Subcommittee on Select Education of the House Committee 
on Education and Labor, reauested the preparation of this report by 
the Congressional Research Service. 

The purpose of this study is to present an overview of the hearints 
and associated workshop on this topic held during the 96th Congre^ 
within the broader context of a perceived need for the creation and 
implementation of a cohesive national policy governing the manage- 
ment of our infomation resources. Not only are the thematic and 
factual contents of these sessions analyzed and synthesized, but their 
commentary on the state of education in the United ;:5tates and the 
impact of advanced technology is attuned to the special interests of 
those legislative oversight jrroups which must plan for the future. 

Although the 1979-1980*heanngs are regarded by their sponsors as 
concent-rating on the "likely impact of information technology on 
teaching and learning and on our educational institutions," it is recog- 
nized that any such "foresight*' thrust must be made with a sufficient 
understanding of that which has gone before: the public laws with 
provisions affecting the development and application of appropriate 
tools and techniques, executive branch directives and programs per- 
tinent to this focal area, and a wide range of private sector initiatives. 
In preparation for this oversight activity, an approach was postulated 
which stressed that "if public policies arc to be responsive to the needs 
of our 'Information Society,' we must develop mechanisms and institu- 
tions with the flexibility to adapt to technological change and to cope, 
in a humane and equitable way, with tlie increasingly interdisciplinary 
nature of new knowledge," 

As the intention of focusing anew on this area became a matter of 
broadening awareness, a singularly broad community of interestea and 
already active organizations expressed a desire to participate. Incluc'ed 
in this grouping were academic administrators; laboratory and com- 

Suting center directors, and researclici-s ; information industry system 
esigners, courseware creators, and project managers; government 
policymakers and program overseers; foundation, corporation, and 
association executives; and individual information scientists, librar- 
ians, and lawyers. Their statements, and often engrossii^g exchanges 
with congressional Members and staff, enhanced legislative under- 
standing of salient educational needs for innovation, recent tech- 
nological developments, and areas for possible legislative action. 

(16) 



16 



Serving as a backdrop for the explicit witness treatments of infor- 
mation technology— computers, telecommunications, microfonns, 
satellites, audio and video configurations — was a national picture of 
several interwoven issues : 

Equal access to education for all students 
A need for national performance guidelines md standards 
Competition for funding among numerous social service pro- 
grams 

Funding responsibilities, in education, of local. State, and 
Federal institutions ' 

Appropriate focus of Federal programs in various educational 
areas 

Diminishing resources and the need for a reprioritization 
strategy 

The attention of those organizing the hearings and workshop was 
not limited to a limited number of ^ucational areas. To the contrary, 
all major facets were addressed: elementary education, secondary edu- 
cation, higher (post-secondary) education, adult education (including 
military and corporate programs), and education for the handicapped, 
gifted, and those whos^ location caused special problems. The concept 
of educational outreach surfaced often, and various approaches to 
moving outside the traditional schoolhouse walls were examined, in- 
rhiding the home, the oflSce, the library as a community information 
center, and mobile facilities. With the advent of satellite communica- 
tions the alternatives continue to broaden, and now can encompass 
linkages with overseas locations. 

In accordance with the stated objectives of the hearin/rs — ^**to en- 
hance the awareness of the Congress, the executive branch, and the 
private and public sectors of the potential educational benefits of new 
info nation and telecommunications technologies, and second, the 
possible social and economic impacts resulting from the widespread 
use of these technologies in the educational process" — the primary 
multi-faceted focus was on user needs, existing services, possible 
problem-solving approaches, and further applications of advanced 
technology. Within that framework, several high priority topics 
emerged: 

The integration of computer-assisted procedures into estab- 
lished curricula 

The development of special training (or retraining) courses for 
instructional personnel 

The creation of meaningful orientation and education courses 
for administrative personnel and key lay organizations 

The preparation and official endorsement of /ruidelines and 
standards governing CAI/Cill performance evaluation 

The conceptualization, and subsequent official approval of long- 
ranp:e innovative programs which would allow validated measure- 
ment of computer-supported instructional courseware. 

Over a span of more than 25 years, from the administration of 
President Eisenhower through that of President Carter, there have 
boen a number of endorsements, legislative measures, executive 





17 



<i:cta, and actual programs. More than 30 public laws, either directly 
or uiciJeiitully, deal with sonic aspect of providing tecluiological 
support to various educational activities. The blending of the innova- 
tive with the traditional is a fait accotupU^ and a sense of the former b 
potential has been instilled at many levels. The essence of this evolu- 
tion is captured in a statement by H. A. Overstreet, who predicted 
, that:' 

^-^ 

* * * the education of the future will be inventive-minded. 
It will believe so profoundly in the hiffh value of the inventive 
or creative spirit that it will set itself to develop that spirit 
by all means within its power. 

Ensconced within the introductory chapter of this report are found 
the conceptual basis for this series of hearings, as enunciated bv their 
organizers, and a sense of the continuing legislative mandate for see- 
ing that the state and projected future of education in the United 
States are well in hand. An appreciation of the significance, and com- 
plexities, of the problem is presented from the vantage points of those 
who have been involved in creating, translating, using, and evaluating 
the technology-supix)rted products and services designed to facilitate 
the administrative and instructional endeavors in our educational 
system. In addition, several possL-I., metliodolo^cal approaches are 
delineated by which Congress could take the initiative in this area. 

In Chapter II, a description of information technology which mi^ht 
be applicable to educational applications is presented, with five major 
areas meriting detailed discussion: computcrfj ergonomics, communi- 
cations, information display, and information storage. The philosophy 
of their employment, and selected aspects of performance, are set 
forth in secular terms. Next, a review of selected milestone conferences, 
legislative actions including the passage of public laws, technology- 
babcd pilot projects and operational progmms, and significant reports 
is featured in Chapter III, 

Inasmuch as the 1979-1980 initiative by the two Subcommittees was 
the most recent in a long sequence of congressional actions, some of 
which have concentrated on issues and programs now undergoing re- 
examination, it was determined that a careful review of congressional 
hearings and reports treating this area, during the past six Congresses, 
would bo beneficial. After a thorough preliminary study of candidate 
documentation reflecting such actions, a selection was made covering 
i ortain key efforth b> \2 Hou.h^ .sulx omniittees and three subcommittees 
in the Senate. In Chapter IV are found the highlights of the subject 
hearings— which sometimes included the results of focal studies on 
educational technology — along with commentary relating these devel- 
opments to the evolving technolog}', newly derived applications, and 
|M'nv|>tions of i hanging l onditions in the echicational environment. 

The next thrt* chapters contain the nucleus of the testimony, par- 
ticipant interaction, and supplementary documentation which com- 
prised the OGth Congress hearinirs juid work.shop on information tech- 
nol()g\ in tuhiration. Chapter V dehcribos the October 19V0 hearing, 
under the aegi.s of tho House Subcommittee on Science. Research and 



» Brndler. John P nnd others. The International Dictionary of Thoughtn. Chlcaco. Forjfu 
iw>n Pul^Ilnhing On.. 1989. p 245. 
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Technology, whore the emphasis was on obtaining a **broad overview 
on the state-of-the-art, including activities of other nations, as well 
as . . . related issues such as cost and benefits of alternative methods 
of education and training, mechanisms for increasing private sector 
commitment, and a forecast of technological changes." Specific com- 
nieait was sought on H.R. 4326, a bill to create a National Commission 
to StihU the Scii ntifir ami IVhnological Iniplic^itioub of Infornuition 
Technology* in Education. In April 1980, the jointly sponsored hear- 
ing and workshop were hold, and Chapter VI prescjits an insight into 
the testimony and accompanying dialogue of this broad, fact-gathering 
hearing, with careful consideration of the experiences related by the 
vsitnesbcs and their recommendations for corrective legislative action. 
The technical workshop, with more than 125 participants, was de- 
signed to p.xplore in greater depth six vital areas, with a discussion 
group assigned to each: 

Group 1 — Elementary and Secondary Education 

Group 2 — Post-Secondary Education 

Group 3 — Adult Education 

Group 4 — Special Education 

Group 5 — Development of Infonnation Technology 
Group 6 — Public Planning for Education in the Information 
Society 

The findings of these groups, which took the form of issue identifica- 
tion and specific z-ecomniendations, are found in Chapter VII, and were 
made part of the formal hearings documentation. 

The selection of material for the appendices was dictated by a de- 
sire to complement narrative treatment of various technological under- 
takings with precise, illustrative examples of demonstration and opera- 
tive projects. Also included are representative short papei-s providing 
an overview of the topic or pro^^nostications concerning the potential 
of this technology for education, listings of participants at key func- 
tion.-,, abstracted information on pertinent public laws, and a selective 
.set of readings. 

This composite study of a crucial, ever chancine: ai*ea is designed, in 
accordance witli Sul^conimittee direction, to fulfill the need for a co- 
herent, timely, and succinct general survey of the applications of 
information technology in education: past, present, and projected. 
Through this effort, and contiiHiing supportive endeavors, the Con- 
gre.--.s will he better poMtionot* to meet the challenge of developing and 
*ippl\ing the expertise requi.s.te to maximizing the positi\e impacts of 
these technologies in all educational environments. 
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During the past quarter century, the Nation has been eng^aged both 
consciously and subliminally in a far-readiing "rede^ition" of its 
values, priorities, and goals. Nowhere is this more evident than in 
the realm of education, JTrom the days of the Founding Fathers, the 
record is one of unflamng great expectations on the pert of th^ lead- 
ership and citizenry alike that universal educatiwi was an achievable 
objective. Its attainment would enable all Americans to communic^ite 
irore effectively, savor life, ^participate in the political process, better 
comprehend the arts and sciences, and prepare for a chosen career. 

Over the years, recurring efforts were made to increase the quality 
of education in the United States, Emphasis was placed on the train- 
ing of teachers, the preparation of textbooks, and the construction of 
facilities, and all the while the integration of these elements drew the 
attention of conceptualists and implementers in all quarters of society. 
Education, in this country, became in the 20th centnry a multifaceted 
entity, with bui*geoning activities serving those at the elementary, sec- 
ondarjj, and university levels, as well as the throngs engaged in adult 
education (inchidiag the military and corporations)* Especial atten- 
tion came to be given to the handicapped, the ^ft^d, and those whose 
mnoteness of habitation might impose inhibitions on learning. In- 
herent in these endeavors seemed to be a readiness to strive for what 
an education could provide, perhaps best embodied in the words of 
Thomas Carlyle:* 

Knowledge conquered by labor becomes a possession, — a 
property ^ntircly our o\vn. A greater vividness and perma- 
nency of impression is secured, and facts thus acquired be- . 
come registered in the mind in a way that mere imparted 
information can never produce. 

A concurrent, emerging force with an undeniable potential for 
education also appear^ on the scene during this period. Called "in- 
formation technology," it was comprised of the spectrum of systems, 
devices, and man-machine techniques associated with computers, 
microform units, telecommunications, and audio and video equipment. 
It should be noted that technology in the classroom was scarcely un- 

Erecedented. For many years, teadiers and students had utilized books, 
lackboards, charts, maps, filmstrips, motion pictures, phonographs, 
tape recorders, and language f facilitators, and such "instructional 
tool.<»" had been well acceptea. But the newer technologies poeed more 
of ft threat to the established modus operandi^ and required faculty 
training or retraining, the presence of often intrusive installations, 
and in many instances perceived changes in the^teacher-student rela- 

* Brtdler, JohD P. and others. The iDterDatlODal Dlctloiuiry of Thouf hts. Chicago. Fewi 
•on Pnbiutinr p. 420. • • • 
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tionsliip. It soon became evident that a convergence had taken place 
between a traditional essential societal service and an ineluctable, 
innovative force. 

The implications were many, and during the 1950*s and 1960's nu- 
uuM'OU.s falbo starts were made a.s promised performances involving the 
new systems wei-e not fulfilled, cost -performance ratios piwed unac- 
ceptable to teachers and budgeteei-s, and problems of integmtion dam- 
aged established routines and instnictor confidence- The struggle con- 
tinued on seveml levels, as funding ramifications impinged on Fedeml 
departments and agencies with ovei-sight responsibilities, State and 
local officialdom, and the ultimate source of funding, tlie taxpayers. 
The marketplace in i-eality was less than predicted by corporate entre- 
preneurs who must finance new lines of equipment, software, or imag- 
inative '^courseware/' Oftentimes, a projected experiment necessitated 
combining e>dsting s;y*stems with configurations yet unproven in a 
given educational setting. The risk could be gi-eat. It would take time 
to upgrade the fledgling technology-, overcome psychological resist- 
ance, and come up with approaches for incorporating the new meth- 
odology into exist mg instructional environments. 

Manv of the sought improvements did occur, as new and improved 
.uethods of information deliveiy which could facilitate educational 
instruction weitj developed.* 

Communications satellites have been used to transmit cur- 
ricula and special programs to large urban ai-eas and to such 
remote sites as Alaska, the Pacific Islands, and the Appa- 
lachians. Such systems also have been used for satellite confer- 
ences and meetings between educational groups, government 
ix?pivsentatives, and student bodies. Telecommunications net- 
works have facilitated the sharing of resources, coui-se work, 
and scientific and educational research at all levels of educa- 
tion. In a similar vein, "electronic blackboards" have linked 
instructor's and off-site students without the need for costly 
travel. The development of videotapes and videodiscs may 
ix?sult in one-time investments for equipment capable of serv- 
ing as high-volume, interactive information storage and re- 
trieval souixjcs of educational materials. Television, via broad- 
caht or cable, continues to be a familiar medium for providing 
inexpensive mass dissemination of educational programs ana 
learning experiences. The capabilities of interactive television 
systems for educational purposes also have been tested and put 
into operation in certain locales. 

Tliere were those who commenced referring to education as "an infor- 
mation piwessing system,"* and many more who saw this arena of 
activity as simply one moit? manifestation of the arrival of "The Ago 
of Information." 



•Information T*chnoloffy in Educntlon A Joint Hearing and Workshop, a pamphlet 
prudiiced by ilobert L. Chartrand and Jean Paul Emard for the Joint Hearlnpj held by the 
Su!)oommlttPe on Sclonce. Research and Technology and the Subcommittee on Select Edu- 
cation The pamphlet Is printed In : o^*^* ^uu 
r S Congress. Iloitse. Conmilttee on Science and Technology, Subcommittee on 8cl« 
ence. Uesearch and Technology, and the Committee on Education and Labor Subcom- 
mitttn* un Select Ldncntlon. tnrormatlon Technology in Education. Hearincs. 90th Con» 
pre-H. LM HOf'slon. Apr *J A, Wft>«hlnL'ton. U.S. Govt. Print. Off., 1980. 250 n 
Information Tfchnolofy in Education: A Joint Hearing and 

Vori'ttuVt'B?.ce "worll'?9^^^ Information Systems in Educntlon. New 
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Recognition of the potential for educational application of infomia* 
tion teclinology has led to varied, and ever increasing, initiatives both 
within officialdom and elsewhere. The Congress, through its regular 
budgetary and program ovei-sight hearings plus special issue-oriented 
bessions, has reflected public concern and served as a sounding board 
for a wide lunge of interest groups. Action witliin the Federal execu- 
tive branch hai; taken the torm of depaitmentai directives, agency 
surveys, in-house and contractor studies, and i^ecomniendatioiis which 
could lead to legislative authorization of yet fuither enterprises. In the 
private sector, a series of writings resulted from intensive scrutinies by 
coimiiissioiis, foundations, corporations, associations, and univei-sities. 
The bi-eudth and depth of this coininuiiity concerned with the roles and 
impacts of infoniiation technology in education are i-eflected tellingly 
in any analysis of the witnesses, panelists, and workshop paiticipants 
appearing befoi-e congressional ovei-seei-s. 

With tiie advent ot tiie lU^O s, those charged with en,sui ing respon- 
sive legislative cugiii/.aiice determined that a fresh look was in order. 
This was due in part to a coiitiiiuiiig declaration that such initiatives 
were needed, but also because equipment cost considerations had 
changed ladicall} for the better during the past decade. Such new 
action would not be taken in a vucumii, of coui*se, and heavy reliance 
was placed on levlewing some of the milestone congressional and pri- 
vate sector reports issued during the past 15 yeare: 

ldiji)—Autof/uitio/i and Techttoloytj inliducation^ issued by the Joint 
Economic Committee.^ 

IDTU — To linprocc Ltarnlny^ the final report of the Coiiiinisiion on 
Instructional Technology.'' 

Vdl'l—Tlic Fourth Recolution: I nstntctioral Technology in Higher 
Education^ a study released by The Carnegie Commission on Higher 
Education.* 

10 uy^Cojjiputtni and the Ltarnlng ProctHH in Ilightr liducation^ 
prepared for The Carnegie Commission on Higher Education.^ 

iy78 — Coinj/utita and the Learning Society ^ a report by the House 
Committee on Science and Technology,^ 

Ujjon this foundation of fact and opinion, responsible oversight 
groups in the DGtli Coiigiess would create a further mechanism for 
gutheimg cuiient and compieheiisi e coiimientarj fioiii tliose whose 
pei*bpecti\es would best rellect the present status and potential of in- 
formatio!! technology In education. 

OBJECTIVE OF THE REPORT 

The tiiial stage of the three-fold action taken during the OGth Con- 
gress by tiie Committee on Science and Technology and Committee 
on Education and Labor is the preparation of this report by the Con- 
gressional Research Service of the Library of Congress, at the jomt 

*U S Concress. Joint Ecouomlc Committee. Subcommittee on Economic Procresa Auto 
mallou and Technology Committee Print. S9th UoiiBrcss. '.iiid hcssIoii 

^"1- S^ I'a»»or Commission on Instructional 'IV.h- 

noloiry. To fmurove Learning. Committee Print, 9l8t Concress. 2nd session Wushlngton. 
U S Uovt Print Oflf 1970. 124 p. (Hereafter cited aa To Improve LearnlnB) 

• Tlie Kourih Revolution Inhtrnc-ilunal lechuolot:> In Ui^'her Kduiatlun fhe Curut-jrU' 
Commission on HUher Education. New York. McGraw-Hill, 1972. 110 p. (Hereafter cited 

"''•^ComputVra^nd tbe^LearnlnB Process In Higher Education a report prepared for Th** 
Caruei..^f on»^ui^^ioll on lliBher Kducation By John Frallck Kockart, New \ork. MK.ruw 

U^I^ Concress. House. Committee on Science and Technology. Stibl-onimlttee on Do 
niMtlc and International Scientific Planning, Analyst and Cooperation Computers and 
*hrL?arnln« S^clet^^^^ U.S. Qorl. Print. Off., 1978. 48 p. (Hereafter cited a* 

.^ompu^ers and the Learning Society. Committee Print.) 
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reque&t of the chairmen of the House Subcommittee on Science, Re^ 
search and Technology and the House Subcommittee on Select Edu- 
cation. Utilizing the contents of the full hearings documentation (two 
volumes) N.hich includes the special booklet entitled "Information 
Technology in Kducation: A Joint Hearing and Workshop, this 
report wilf present an overview containing the highlights of the hear- 
ings \Yithin a context of past pertinent congressional activity. 

T'hroughout its preparation, the guidance provided by Representa- < 
live George E. Brown, Jr., Chairman of the Subcommittee on Sci- 
ence, Research and Technology, as he opened the hearings was heeded 
lis a useful framework : " 

Tlie objectives of the seminar are to enhance the awareness 
of the Congress, the executive branch, and the private and 
public sectors of the potential educational beneifits of new 
information and telecommunications technologies, and, sec- 
ond, the possible social and economic impacts resulting from 
the widespread use of these technologies in the educational 
process. The potential for information and telecommunica- 
tions technologies is clearly evident. The best means of uti- 
lizing and planning for the use of these technologies to 
achieve educational objectives is loss obvious. Science and 
technology, like most other human activities, are capable of 
generating both good and bad consequences. I should under- 
line that. Tlie challenge before us is to apply or to develop 
expertise which will maximize the positive impacts of these 
technologies in all educational environments. That means 
tlie school, the workplace, and the home. Such expertise is 
not limited to scientific and technical knowledge, but it in- 
cludes planning and evaluation processes to establish poli- 
cies and implementation programs for achieving goals and 
shaping the tools and techniques necessary to achieve broad 
national goals. 

In articulating the rationale for sponsoring this form of congres- 
sional exploration. Representative Carl D. Perkins, Chairman of the 
Committee on Education and Labor, asserted that : " 

* * * it is time that we reassess the revolution that is oc- 
(iirring in information technology and the likely impact of 
this revolution on our educational system. We Delieve that 
it is most appropriate to do this at a time when the creation 
of the Department of Education marks a new emphasis on 
education in this country. ^ 

i»l S ConKress. HoU8,\ Committee on Science and Technolosy. Subcommittee uii Scl 
e»r*» H*»''»'nrrh nn<l TechnoloK.i . !p(orh>ntti»n niu\ CoinmiinW ntlun** Tec linoi »i?ies Appro 
prJntr in Kdncatlon (Including H.R, 4320). Hearlnc. 96th Concre^s. Ut session «U't, 9. 
lUlii Wanhlncton. US (lovt print Off.. 1979. 250 |» (Hereafter cited nn Infonnntlnn nnd 
Communications Technoloprles) and Information Technology In Education A Joint Ilenr » 
Inr nnil W^orkshon. . ^ , ^ 

" Information Technolocv In Educntlon * A Joint H^arinc and Workshop, . , 

'^Heninrks of Representative fieorse E. Brown in. Information Tt'chnolocy In I-.dUra 
tlon \ Jj.lnt n»»irlntr nMd Worksl-op. p. 1. 2 

Remarks of Representative Cnrl Perkins In Information Technoioffy In Kducation A 
Joint Hearing nnd workshop, p. 3. 
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The sigiiilicaiiee of the workshop on information technology in edu- 
cation wa& underscored by Kepre^entative Paul Siinon, Chairman of 
the Subcommittee on Select Education : 

One could refer to this workshop as a ^^foresight" liearing, 
in contrast to the usual congressional practice of reviewing 
past programs and cun-ert problems * * * The new technol- 
ogies, piK)perly utilized, wil' give our society new capacities 
to understand itself and to understand other cultures. Inevi- 
tably, we will become more sensitive to the interdependent 
nature of this ^'spaceship earth" we inhabit. Inevitably, in- 
formation will become less centralized, making education 
less institutionalized and more democratic. Inevitably, con- 
Milerable change will occur in tlie organization and govern- 
nnce of our educational institutions. 

These hearings, then, were illustrative of the jurisdictional over- 
sight which must take place when cross-cutting issues arise. The first 
hearing, in October of 1979, was sponsored solely by the House Sub- 
i4)mnnttee on Science, Research and Technolotjy. Wnile seeking com- 
iiicntaiy from a variet_)^ of sources on the broader topic of ^*Informa- 
tion and Communications Technologies Appropriate in Education,'' 
a major discussion point was H.R. 4326, a bill to establish a national 
cumniisbion to study the scientific and technological implications of 
information technology in education." As a result of tnat hearing, 
and the euhuing show of interest throughout the educational and 
teclmological comnmnities, it was determined that a broader, up-to- 
date look at the prehent statUh and perceived potential of educational 
technology was warranted. This was undertaken through a joint initi- 
ative which led to the April 1980 hearing and associated workshop 
and a series ol* system demonstrations. 

In order to derive the maximum benefit from the hearings, a care- 
fully drawn group of speakers and panelists was assembled, repre- 
senting key organizations and activities dedicated to exploring — or in 
some cases already involved in implementing— the use of information 
technology in education. A profile of these representative elements 
includes : 

University and college administrators 
University researchers and laboratory directoi's 
Academic directors of computing centers 
Corporate managers and senior scientists 
Independent consultants in information science 
Public sector project managers 
Governnient policymakers and program overseers 
Foundation and corporation executives, and 
Librarians and lawyers 

Tlie areas of intei^est and concern reflected in the statements of 27 
major witnesses and panelists, embellished in many instances by in- 
depth dialogues involving Subcommittee Members and btafT, constitute 
an array of topics, legislative issuer, and "targets of opportunity." 

" Remarks of Beprtsentatlre Paul Simon In : Information Technology In Education, p 
204. 

n.R, 4326. 96th Cong . 1st Sess . 125 Contf. Roc. 4092 (1079) 
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In ci^iicc, they fiillilled the decaire of the sponsoring Subcommittees 
to acquii>e useful information on Ubcr needs, existing services, possible 
problem-bolving approaches, and further applications of advanced 
technology. But more specihcally, arising out of these discussions were 
several sharply defined focal points, among which were: 

The training or letrainingof instructor personnel 

The orientation and education of school administrators p^-d boards 
of education 

The criticality of developing high quality courseware 
The integration of computer -assisted procedure^ into established 
curricula 

The development of meaningful evaluation criteria for CAI/CMI 

systems and their components 

The identification of realistic private sector initiatives 

The provision of equal access to educational resources for all users, 

and 

The trade-offs in funding alternatives, involving public and private 
^0(•t or sources 

Aiigmenting these often intensive exchanges were the findings of 
tilt* technical workshop, which had been designed to meet this charge 
from Representative 13rown, who presided over both hearings: " 

We must rely on the experts such as those of you partici- 
pating in this seminar, to derive a consensus which will direct 
us toward the appropriate goals and policies. The seminar 
participants represent a wide variety of interests and organi- 
zations. It is important that individual perspectives are ex- 
changed in this seminar and beyond to devise priorities neces- 
sary to achieve educational objectives rather than to develop 
priorities based on the attributes )f a single technology or 
single inter est. We look forward to the expertise and perspec- 
tives of the seminar participants and our witnesses this 
morning. 

The infrastructure of the workshop (or "seminar") allowed the volun- 
t(H»r groups, each led by an acknowledged authority in that field, to 
quickly address its chosen ai^ca, and develop a report featuring iden- 
tifiable issues and specific recommendations, which are enumerated in 
Chapter VII. The six areas of purview: elementary and secondary 
odnoatioii. post -secondary education, adult education, special educa- 
tion, development of information technology, and public planning for 
education in the Information Society. 

Another useful dimension of this repoi-t^ in accordance with the 
directions of the Subcommittees, is an expoMtion of the cha^racteristics 
and uso^ of information technology, particularl\ as tliis would be help- 
ful for thosf considerimr its 3ipf)lication to various aspects of educa- 
tion. Supplementing the treatment of congressional initiatives regard- 
in^: educational technology, for the periotl 1969-1980, is a chronology 
of solooted events and reports designwl to provide a more fulsome 
appreciation of pertinent past happenings. 

^* Remarks of RepreseDtAtl^e Cconr« E. BrowD Id . iDformution Technology Id Educa- 
tion, p. 2. 
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It is the intent of this report, then, to syntliesizc and analyze not 
only the highlights of the featured hearings and workshop, bat to fur- 
nish the cogniwint ccmmittees of the 1.^5. House of Representatives 
with information that can be contributory to the future ^'development 
and implementation of a coherent national policy for the management 
of our information resources" " in this area. This is offei-ed in the 
spirit exemplilied by the words of Bonjaniiii Disraeli who remarked 
that "The more extensive a man's knowledge of what has been done, the 
greater will be his power of knowing what to do." 

SIGNIFICANCE OF THE' PROBLEM 

Philosophers and pragmatists, presidents and prognosticators have 
offered, down through the years, a litany of observations about the im- 
portance of education to nianknid. In the first instance, Jean Jacque 
Rousseau reminded his contemporaries that; 

Education comes to us from nature, men, or things. The in- 
ward development of our faculties and organs is the education 
of nature; the use which we are taught to make of this de- 
velopment is the education of men ; and what we gain from 
our own experience of the objects around us is the education 
of things. 

In a different vein is this message fvom the jurist cum politician 
William Orville Douglas:*** 

If we are to receive full service from government, the imi- 
versities must give us trained men. That means a constant 
reorientation or university instruction and rescaixrh not for 
the mere purpose of increasing technical proficiency but for 
tho purpose of keeping abreast with social and economic 
change. Government is no better than its men. 

Both in the White House and on Capitol Hill, a growing, deep- 
rooted concern about the effectiveness of the existing echicational sys- 
tem has been articulated. The importance of making policy decisions at 
the level where education takes place elicited this comment from 
President Dwight D. Eisenhower : 

We know chat education, centmlly controlled, finally would 
lead to a kind of control in other fields which we don't want 
and will neva have. So we are dedicate<l to the proi>osition 
that the responsibility for educating our young is primarily 
local. 

Tliis theme, of ensuring a "voice" for e^lucation — administratoio and 
instructors — at the city and county level in determining how txjchnol- 
ogy is to be incorporated into school systems, surface*) periodically in 
the testimony contained in this report. 

« I hill. I) 2. 

» Bradley, John P. The International Dictionary of Thoughts. Chicapo. Ferguson Press. 
1009. p. 420. 
»» I bid p. 245. 

» Bradley, John P. The International Dlctloniry of Thoughts, p. 242. 
» Ibid. p. 242. 
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President John F. Kennedy cautioned that "Our progress as a na- 
tion can be no swifter than our progress in education/'" n^i^ ^y^g 
junplified by Lyndon B. Johnson who addixjssed the iiicraisingly cru- 
cial problem of iho educationally disadvantaged ; " 

Wc have entei^ed an age in which education is not just a 
hixury permitting ^onie men an advantngc over others. It has 
become a necessity without which a person is defenceless in 
this complex, industrialized society ... We have truly en- 
tered the century of the educated man. 

Educational reform, with ramifications often beyond the prescience 
of the wisest observer, was seen by President Richard M. Nixon as a 
necessity, as indicated in his 1970 niessag^ pro^wsing the creation of a 
National Institute of Education ; " 

We need a coherent approach to research and experimenta 
tion. Local schools need an objective national body to evaluate 
new departures in teaching that are being conducted here and 
abroad and a means of disseminating information about proj- 
ects that show promise. 

Ho then sharpened the focus of his remarks : 

There comes a time in any learning process tliat calls for 
reassessmeiit and reinforcement. It calls for new directions in 
our metho<ls of teaching, ne\y uudei-sUmding of our ways of 
learning, for a fresh emphasis on our biisic research, so as to 
bring behavioral science and advanced technology to bear on 
problems that only appear to be insuperable. 

During the administration of President Jimmy Carter, the long- 
planned White House Conference on Library and Information Services 
was held (in 1979)* at about the time that the new I)epartment of Edu- 
cation wa,s being established. In addition to creating the position of an 
^Viteistant Secretary for Educational Research and Development, an 
()ftice of Libraries and I/*arning Technologies was created. This 
directly reflected Piesident Carter's promise of "providing leadership 
in developing new technologies and Services,'* He further stated that 
a redefinition of the Federal role in this area was in order, and would 
bo contained in a revised Library Services and Construction Act : 

This legislation will include such issues as ; barriers to infor- 
mation access for the handicapped and disadvantaged ; libraiy 
networking and resource sharing^ the rolo of large urban li- 
braries and reseai-ch libraries as centers for library resource 
networks; and new information technologies. 

On another occjusion* in appearing before the delegates of the White 
Hou-e Conference on Library and Information Services, he spoke of 

^ Bradley .^John P. The International Dictionary of ThouRlits p. 244. 

^ V S Resident. 1970. Niron Education Reform, March 3. 1970 Weekly Compilation 
of i'resldenUal Documents, v. 6. Mar. 9. 1970 p. 304-.'i]4. 

»l*S. President. 1080. Carter Transmittal of thi? Report of the White House Confer- 
t-m'e on Librar} and Information Services Washington. U.S Govt Print Off . 1980 2 p 
96th ConBress. 2nd session. 125 ConRresslonal Record E5372. 

'•Ibid. p. £5373. 
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our changing times and the expanded role of the library as an adjunct 
to other ^^educational" institutions; " 

Times change very fast. Infoniiation available to the world 
is eacploding more rapidly than it can be accommodated, and 
tlie function of libraries is to collect information, to collate 
information, to assess information, to store information, and 
to let information be available to those who need it. 

There are many people in our modem society who are iso- 
lated in some form or anotlier. The deaf, the blmd, the immo- 
bile^ the afflicted, those who live in isolated communities are 
obv'ous examples. But there are others. Those who have a 
Darticular life career in a fairly narrow defined area, but who 
desire constantly to stretch tlieir minds and to stretch tlieir 
hearts, and to know more about the world around them, otlier 
people, opportunities for a more gratifying existence, are in 
the same category as those who are physically isolated. 
♦ **♦♦♦♦ 

I am not at all criticizing or playing down the importance 
of formal education, but no matter '.ow broad an educational 
experience has been in a person's life, sometimes determined 
by tlie state of a person's birth or the wealth of a family or 
opportunities that all can't share — no matter how broad a for- 
mal education might be libruries are still important if that 
person desires to continue in education throughout one's life. 

It should be noted that among the 64 resolutions passed at this White 
House Confei'ence were those urging libraries **to take an increased 
role in literacy training; in improved access to information for all, in- 
cluding ethnic minority groups, the blind, the physically handicapped, 
and others who are not adequately served . . . the idea of the library 
as both a total community mformation center and as an independent 
learning center . . . the concept of the library as essential to a civil- 
ized society." 

Congressional concern, the main thrust of this report, has been ex- 
pressed on dozens of occasions by the Members of the House of Repre- 
«<»ntati\ ei5 and the Senate, during consiileratiou of proposed legislation 
in ^ubcomn.ittee and comniittee sessions, in public hearing, and in re- 
marks during chamber debate. An embodiment of that concern is found 
in the o! ►ening statement of Representiitive Brown at the October 1979 
hearing ; ^ 

There is an apparent need to develop and implement policy 
to guide the application of information and communications 
technologies to all lovols of education. Full advantage of 



" PreseDtatloD by President Jimmy Carter at the White House Conference on Mhrar^ 
and Information Services, Washlnj^ton Hilton Hotel, Nov. 10, 1070. Found In * 

U.S. Conj^ress. Senate. Committee on Labor and Human Resources. Subcommittee 
on £Mucation, Arts, and Humanities International Infoimatton Exchfinice. Relevant 
Activities of the White House Cocference on Library and Information Services. Com- 
mittee Print. 96th Congress, 2nd session. Wasbln^^on, U.S (iovt. Print. Off., 1980. 
u X90r 108. 

»The Fiual Report of the White House Conference on Library and Information Serv 
lce8~1979. Washington. U S. Govt. Print. Off.. 1030. p. 10. 

^ Remarks of Representative Oeorf^e E. Brown, Information and Communlcatlouij Tech- 
nologies, p. X. 
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the socially desirable educational opportunities offered by 
a broad range of teciinoiogi'»s must be pursued to increase in- 
tellectual productivity and enhauce the quality of life. 

Numerous other declarations of belief and suoport are featured in 
Chapters IV, V, and VI, as congressional paneliots offered their per- 
ceptions of various problemi> and possible solutions, and interacted 
with those giving testimony. 

As delineated earlier, the .societal groups — often referred to as 
••stakeholders'' — concerned with the development, use, and accounta- 
bility of educational technology reflects myriad viewpoints and 
vested interests. These individuals and organizations are depicted 
graphically in Figure 1 : ''^ 




Kij: 1— StiikchoUliTs ( <>nc<Tnoii with 'Hlucational t(H'hnoloji\ 

Illustrative of the complexities of this kaleidoscopic problem area 
JUT tlie diverse m/proacl.eb aiid emphases enunciated uy ^^itnesses 
representing segments of tlus stakeholder spectrum : 

A. Stanl^^y Cort-y (school administrator) — . , . if we look at 
the larger context at America's social problem, our concern is not 
one of failure in a technical sense . . . [or] in the informational 
i:eiiso . . the failure lies in the ability to produce self-actualizing, 
thinking young people. 

Dr. Lewis M. Branscomb (corporate executive) — If we don't 
roslrict our idea of education to the formal classroom experience in 
a t .nventional school enviromnent. then it is clear that the imp.act 
of computers and communications is even greater. 

Dr. F. James Rutherford (government administrator) — Fed- 
eral agencies [should] . . . aodi^ess the question of the public 
understanding of these technologies . . . the Anierican school 



^ iDformatlOD TecbDoIo>;7 Id Bducatioti: A JolDt Hearluj; and Workshop, p. 211. 
^ These Sllustratlre quotatloDS ^ere takeD from various source materials. 
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system ought to help them undei-stand the strengths and uses and 
weaknesses of these devices. 

Dr, Robert Homik (professor) — We should not be concerned 
with the role of information technology in all of non-formal edu- 
cation, hut the potential role for such a t^clmology in meeting a 
particular need. 

Marshall McLuhan (communicator) — Young and old alike now 
live in unique service environments of information. It is a many- 
layered environment. The inner layers are the familiar electric 
networks of telegraph and telephone and radio and TV, The outer 
layers are jets and satellites. 
The commentary is thoughtful, ranges from the purely conceptual 
to the completely pragmatic, and leaves virtually no germane area un- 
touched. Intrinsic to tnis often convoluted exploration are several reoc- 
curring themes which may well serve as the harbinger of future 
delvings : 

• Many of the basic assumptions underlying U.S. educational 
policies and practices will have to be revised and re-prioritized; 

• Further exhaustive studies of integrating technology into the 
learning environments are a sine qxia non; 

• Bold new approaches to servir^ special educational constituen- 
cies are requirea, and must incorporate the technological poten- 
tial; 

• Information marketplace concei)ts and guidelines must be re- 
thought and formalized in order to optimize the benefits of tech- 
nology for systems providers and users alike; and 

• Domestic and international information liandling standards 
need to bo formulated, negotiated, and implemented in order to 
effectuate far-reaching educational offerings. 

A strong cautionary note is sounded by many observers, whose ex- 
perience has shown that while information technology is indeed in ex- 
istence, and available, there are other more important consideration*: 
which must be acknowledged and coped with. Professor Richard E. 
Spencer, Professor of Educational Psychology at the University of 
Illinois, proffered this opinion : " 

There is considerable "reli^osity" associated with instnic- 
tional technology — those that are in the field seem to believe 
that the i)otentiaI is just lying there waiting to be taj^ped. This 
reveals an underlying assumption: that the system is adaptf*- 
blo to instructional technology, and that operations in this 
area will be welcome. Such an assmpption has not been whole- 
heartedly validated. 

Another perception of technology's place in the educational scheme 
was elicited from Mortimer Smith, Executive Director, Council for 
Basic Education : " 

There is a tendency among those working in the field of 
educational technology to a?sume that this is the only way to 
improve instruction and schocls. I prefer an overall system 
that allows for alternate proven approaches, even if some of 



** To Improve Learnln^r. p. 87. 
»Ibld.. p. 73. 
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them are traditional. Ijook at some first-rate schools — Bronx 
High School of Science (New York City) and New Trier 
High School (Winnetka, Illinois) might serve as examples — 
and I suspect you will find that the human element, the human 
teacher, is still dominant. 

A separate, residual ouandary is the insufficient realization of the 
need for reform, even though the evidence supporting change is in- 
controvertible. Robert H. Finch, fonner Secretary of HEW states: ^* 

The establishment in lower and secondary education is 
probably the most encrusted in the entire world. Tliey still are 
teaching children as we were taught thirty years ago. A child 
today who comes into kindergarten has had from 3,000 to 
4,000 hours siUir.g in front of that television tube, absorbing 
unstructured data that takes hnn way past Dick and Jane. 
And the system just doesn't respond to that. 

From the world of technology and its systems comes the reminder— 
in The Automated State-— of the sometimes unanticipated effects:" 

Their presence puts hitherto unattainable goals within 
casual reach— and even sometimes make thex-i no longer worth 
the candle. It goes on, in many cases, to replace these goals 
with new ones, many of which were not foreseen when the 
systems themselves were installed. 

It has become apparent that theie is no facile solution to this im- 
broglio, and perhaps the most useful approach— as might be inferred 
from the accompanying testimony— is to recall the challenging array 
of educational issues facing the Nation during the 1980's. The follow- 
ing precis appears in the Congressional Research Service ^liniBrief 
on "Education: Challenges in the 1980's:" 3« 

During the 1980s, various issues are likely to emerge con- 
cerning public and Federal interest in education. These issues 
include the extent of education to be provided at public ex- 
pense; the relative share of the education fiscel burden to be 
borne by local, State, and Federal revenue sources; public 
funding for nonpublic schools; equal access to education for 
j^^j^*^^'^' bilingual education; national performance 
standards; focus on Federal programs; declining rate of 
growth in resources; and competition for funds among vari- 
ous social service programs. 



The author, Dr. K. Forbis Jordan. theinTirns his attention to con- 
tinuing developments in communications technology- which, he feels, 
could well be the forces: " 

• * J * ^^^^^ change the manner in which schools are orga- 
nized and conducted. With appropriate support and leader- 

»*To ImnroTC Learning, p. n. 
p. 7S^**^^^'^®* Robert. Tie Automated State. Philadelphia, ChUton Book Company. 1937. 
/a^H^?;iIl!?^*'i?^°^ 9.°°^'^^?: Coni?fW8lonal Research Serrlce Education and Public Wei- 

^ Ibid. D. 7. • • 
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ship, the concept of education in the 1980s conld shift from the 
current emphasis on institutional 'Vchoolin^r" to an emphasis 
on learning and participation characterized by dccontnilized 
learning centers to which teachers move rather than students* 
a 3- or 4-day week of formal instruction, work and service 
experience inte<^rated into the planned educational proirrani 
for students, and more extensive use of public television and 
video- recorders. 

The significance of the problem is understood, if imperfectly and 
prisniatically. It will fall to the Congress, Fedeml departnientj>. State 
and local agencies, and responsible private sector componontb, to shape 
the course of future events through a repostunug of assumptions, as- 
signmentSj and national goals. 

OPPORTUXmES POR CONGRESSIONAL INITIATIVES 

In the course of periodically reviewing the status of information 
technology as it was being applied in various educational settings, gov- 
ernmental and private sector organizations have come forward w'th 
recommendations which could lead to the l)cttennent of conditions. In 
^omv in55tances, such advice was incorporated'into legislative measures 
or executive directives; on other occasions it might be used piecemeal 
by individual school systems or local oversight groups. As has been 
shown, two forces were in existence and often in contraposition: one 
which sought to lia- e all educational decisions reside with local juris- 
dictions, and a second which reflected the postulate that certain key 
determinations must be made at a national level. 

Much remains to l)e done in determining how best information tech- 
nologj' can serve education, whether in the realm of administration or 
in<?tru<^f ion. Several methods of fostering ameli(uati'.e action are open 
to tht .'ongress and other societal groups, but the emphasis in this .sec- 
tion will be on possible legislative initiatives (hat constitute specific 
cour.^^s of action : 

1. IniTodxietion of new hgislathn—swch bills may: 

Create a .special study mechanism (e.g., commi.^sion oi task force) 
to examine current user needs and responding systems and organiza- 
tions. 

Require the incorporation of technology-supported management 
techniques for the planning, management, "ami evaluation of educa- 
tion's admini.stration and curricula. 

Call for the continuing ii.sc of contractor personnel and services to 
augment in-house capabilities in this area. 

Identify roles for various public and private sector oiganizations 
having known missions and resources that are germane to informa- 
tion technology and education. 

Mandate the utilization, in specific activity areas, of information 
devices and man-machine techniques. 

Provide for the creation of a .special informatirm capabilitv, such as 
a clearinghouse or network, that loiild actjuire, store, pioce^s, "and make 
available requisite data for diverse user communities. 



■"Information Technolojry In Eklucatlon . A Joint Workshop and Heaiinj;. v 20. 21 
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2* Review of ea^Utiriff legUlatian — may occur as a result of individual 
Member action, or during the deliberations of the budget, authoriza- 
tion, or appropriations committees in regard to: 

Adequacy of Public Law goals and provisions, from the vantage 
point of proven program performance. 

Perceived effectiveness of present agency or department program 
implementation, especially as concerns cost-performance measurement 
(wnere appropriate) and hindsight assessment of initial project 
objectives. 

possible redirection of departmental implementation and interpre- 
tation of directives, conducted through high level executive branch 
(0MB) action. 

3. Analysis of sumet legislation — past valuable initiatives, often for- 

Stten with the passage of time, merit review lest useful analyses of 
3 problem are lost or existing information resources and services al- 
ready in place be seriously diluted or unthinkingly removed. 

4. ^^Jaw-loning^^ (persuasion) of responsihU Federal executive 
branch departments and agencies— the varying roles within the Fed- 
oral establishment (0MB, ED, NTIA, NSF) often are diminished or 
become minimal over time; le^slative interest often reinforces the 
resolve to evaluate new appropriate organizational frameworks, budg- 
eting goals, program objectives,'" use of technology, and the implica- 
tions of applying modem technology to the needs of user groups. 

5. Utilization of legislative research and analysis capabilities — by 
calling upon the extensive resources of the Congressional Research 
Service, Office of Technolo^/ Assessment,^® General Accounting Office, 
and Congressional Budget Office (as appropriate). Congress can com- 
mission studies of varying scope and aepth that then may be applied 
to selected congressional review or foresight activities. 

A*^ a result of such enterprises, there can be a strengthening of Amer- 
ican education and a firming of the resolve chat renewal must be a 
continuing process. It was in this spirit that Thomas Jefferson wrote 
of the essential role which citizens must fulfill, through knowledgeable 
involvement in their government and its many responsibilities;^^ 

I know of no safe depository of the ultimate powers of 
society but the people themselves, and if we think them not 
enlightened enough to exercise their control witli a wholesome 
discretion, the remedy is not to take it away from them, but 
to inform their discretion. 



"^'The Department of Education Uhh reoeiitlj- awnrdet] a contract to Ctiadrn AKHodateK 
to develop a "Ubrary and Information Science National Research Agenda for the 1980V. 

*• The Office of Tecnnolosy Astetsment hai undertaken an 18«montn major project which 
will examine the present and future roles of Information technolojry In education. 

"Thomaa Jer*r»on. 

» DOK I»a«80K. Jt.L- The Head and Heart of Thomas Jefferson. New York. Doubleday, 
1954. p. 108. 
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IL INFORMATION TECHNOLOGIES IN EDUCATION 

The five major areas of infonnation teclinology, as they relate to 
education— Oomputers, Ergonomics, Conununicotions, Information 
Display, and Information Storage— merit discussion at this junc- 
turo.** While presenting tliese areas individually does not i^ect tlie 
nature of the technology convergence that is occurring in the world 
today, such an approach does provide a better understanding of each 
technology's basic concepts and equipment. An annual report series 
entitled "Aspects of Educational Teclmology" has attempted to 
address the complex issues which are of importance in instructional 
technoloCT. This chapter will identify some of the most important 
aspects of these technologies, including the ways in which tliey are 
converging and the resultant impacts,** 

CompiUen 

The first area is that of computer use in education, where three main 
uses of computers may be defined: computers in administrative func- 
tions (finance, planning, student records, etc.), the use of the com- 
puter as an instructional tool (programmed learning, tutorials, simu- 
lation, programming, and research) , and the computer as an object of 
study.** Studies performed by Dr. John Hamblen, which are known 
collectively as the "Hamblen Reports," are particularly useful in pro- 
viding a statistical view of how computers ai-o used in lii/j:lier 
educatior*.*' 

The use of tfiA computer as an instructional tool^ i.e., the computer 
as instructor, the computer as a laboratory, as a calculator, or as an 
aid to an instructor are discussed in great detail in works by Margolin 
and Edwards.*^ A perceptive discussion .of evaluating instrucf.ional 
technology (primarily computer-assisted instruction) is made by 

♦* The Fourth BeTOlutlon. Initructlonal Technologr In Hicher Kducatlon. A Rei>ort and 
Recomniendatlon hj th^ Carnegie Coianil««<on on Higher Education. New York. McGraw 
Hill. 1971!. 110 p. 

"Aipecti of EducaUonal Technology. The Association for Programmed Learnlnc and 
Ed u optional Technoloiry. New York. Nicholi. Annual. 

•*For those interested in exanininr the history of uses of technology in education, two 
volumes are Taluahle: 

Anderson. CharneL Teclinology in American Education 1030-1000 Watihincton. U.S 
Ooti. Hnnt. Off.. 19C2. 53 p. 

Saettler. Paul. A History of Instructional Technolojry. ?.ew York. McGraw Hill. 1068. 
399 p. 

Three v^'iimen which provide an overview of the comimter's uxex in education are. 

C^trr^j, John and Charles Mosmann. Computers on Campus. Washintrton. American 
Co'indl on Education. 1967. 207 p. 

Rothman. Stanley and Clurles Uosaann. Computers and Society. CUicaeo, Science Re* 
search Associates. 197Cw p. 234-251. 

Goodlad. John and others. Computers and Information SyKtems in FMucation. New 
York. Harcoort ft Brace. 19«6. 152 p. 

••Hamblen, John W. and Thomaa B. Balrd. Fourth Inyentory. Computers in Hicher 
EducaUon 197««i977. Princeton. Educom. 1979. Various pairino. 

« Edwards, Jndlth B. and othem. Cnmpn»er ApnllcatlonH Tn Instruction : A Teacher's 
Gnide to Selection and Die. Hanoyer. New Hampshire. Time Share. 1978. 202 p. 

Marcolin. Joseph B. and Marion R. Misch Computers in the Clattsrooni • An Interdis 
cipllnary Vltw of Trtnda and Altematire*. Waahinjcton. Spartan Books. 1&70. 382 p. 

(33) 
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Mosiiiann.*' Tlu' 1077 ht'aiiii^b, ••Computei's and the Ijouniing So- 
ciety/'** dealt with the use of computers in instruction and their 
evaluation. Those works provide pertinent background material for 
further discussion of the primary computer configurations which are 
utilized in education. Tlie^ point out that there have been a number of 
waves of entlmsiasni for computei*s in education: the 1960's (when 
largo mainframe computers were thought to be the solution), the early 
J970s (the em of minicomputer development), and the current move- 
ment towanls microcomputer use for instruction. 

Each of these periods did signify times of computer acquisition by 
educational institutions, but none has resulted in making computer- 
assisted technology practical for all students. The use of mainframe 
computers for the often voluminous, repetitive tasks required by ad- 
fhinistration has become a relatively common solution. Minicomputers 
are found in schools and libraries to assist in other administrative 
tasks. It is the advent of low cost microcomputing or "personal com- 
puting' which has given new impetus to efforts toward wider educa- 
tional usa/^o. As Dr. Tom Dwyer of the University of Pittsburjjh 
has pointed out, there are many questions to be answered about the 
concepts of information technolo^sry including: cost effectiveness, ade- 
quate software, and the hi^h quality of printed materials," 

Despite the serious questions raised by Dwyer and others, people like 
Rothman and Mosmann discern in the role of the computer (as an 
instructional tool), great hope for education which will free students 
from the day-to-day reality of classroom instruction:^^ 

When instruction takes place in a class, students are in 
lock-step with their classmates; no one can move ahead faster 
than the rest of the group and no one can fall very far behind. 
If a student has troubles keeping up, he or she receives a poor 
grade; those who keep ahead of the class get an A. If a stu- 
dent is interested in pun 'ling a different aspect of the subject 
or in\('si igating it in greater depth he is usually not allowed 
to do that. 

Much of the controversy over the uses of computers for instruction, 
ii-, -^hown in Fiinire '2. is >uiuin5irizod from an ailirle by T»ii Freiizel." 

Dr. Ludu ig Braun has made an even more succinct analysis of the 
rea.sons for the limited role that computers, have played in educa- 
tion : " 

The lack of high quality courseware. 

A lack of training and willingness to accept computei-s in 
education. 

The high cost of acquiring computers and peripheral devices. 
Tilt ItLSt of these computer Ubes in education is that of the computer 
iis an object of study. A reflection of the genuine interest and concern 



MiinmAnu, Charles .luhn Lvaluatlnpr Instriktlniinl Coniiiiitiiii? Univprsltj of Callfurnla. 
Irvln<». California. 1976. 88 

«• Computers nnrl the Leaminc Society. 

'-^ Dwyer, Tom. Books as aD Antidote to the CAI Blues, or Take a Publisher to Lunch. 
nyte v. 5. .Tilly 1080 p. 74-84. 

" Rothman. Stanley and Charles MoHmiEinn. Computers anu Society, p. 233. 
Frenz«l. Lou. Education Forum. The Personal Computer — Last Chnnce for CAI? Byte, 
V July IftfiO. n. 8ft-97. 

" Briun. Dr. Ludwig. Computers in Learning Environments. An Imperative for the 
19S0'8 Byte. V 5. July 1980. p. 6 
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KiGtKh 1*. Ad'.aiita^^.s aiul dihadMUita^CH of comiiutiT a82>istcd instruction 
ADVANTAGES OK CAI DISADVANTAGI^S OF CAI 

It is a good method for an individ- No firm advantage over other 
ual student's instruction — pace teaching methods, 
and complexity for the person. Extremely expensive when com- 

CAI is an interesting and valid pared with traditional tools, 
application of the computer. programmed instruction is a 

Marginal costs of adding CAI in- technology with much less cost, 
struction capabilities to existing Special programming is required 
computers are quite low. for the student, raising costs 

Interaction is fast* student is part further, 
of the learning process, perhaps Textbooks are still preferable in 
not more effective than tradi- terms of cost iind efficiency, 
tional methods of learning, but Video and other audiovisual for- 
as entertaining. mats are less expensive and more 

attractive. 
No exhaustive list of software 
exists. 

Lack of standards for software. 

which twist todiu is the bill, introduced in the DGth Con<rivss by 
Kepreseutative Thomas J. Downey of New York,^* which seeks to 
achieve economical classroom use of computer costin^^ less than $?,pOO. 
A more impressive example is that of the French program described 
by Jacques Hebtmstroit in "10,000 Microcomputei^s tor French Second- 
ary Schools''." Approximately one-half of the funding of this project 
will be used to tmin teachers in the use of computers. This aspect of 
coniputer use centers upon "computer literacy," wlxich lias a two-fold 
meaning: that jjeople sliould know how to program a computer, and 
that people should oe aware of the basic technology of computei^s. 

ERGONOMICS 

The second major area of information teclmology in education in- 
volves "ergonomics/' or as it i-, most often known, tlie human-machine 
interface. A number of important considerations may be iden^^fied: 
rcspohhO time. courM'ware (or computer programs), eoMiputer lan- 
guages* design considerations, and user friendliness, for example. 

The first of the factors mentioned, response time, is vital factor 
in human-machine interaction. If infonriation technology' is to supplc- 
inent, or at least assist human-to-humaii instruction, then it must closely 
approximate actual human-to-human interaction. It is generally be- 
lieved that when machine response time is longer than three or four 
seconds, the user tends to become distracted to sucli an extent that 
learning is impeded. 

One of the most recurrent themes in educational technology is the 
lack of good educational programs or "course ware'\ The reasons for 
this ai-e readily evident. The more sophisticated computer programs. 



" H.R. 7450. 96th Codr.. 2d Sess.. 125 Conp. Rcc 4.133 (1980). 

i= llebenstreit. Jacwjues. 10.0(*0 .Mltnicomitutors for French Se»oiHlar> SthmiU (N.iiiputer. 
V. 13. July 1980. p. 17-21. 
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usintf tlio t-ecliiiiqiu's of aitificial intelligence, may require up to 10,000 
hours of pmgrainming time for each liour of finished program* An- 
other i»roblein in courseware is that most e(hicational programming is 
not being written by subject specialists. Rather, programmers are 
creating subject courseware in fields where they have little knowledge 
or experience. The solution to this problem is to provide the funding 
and opportunity for teachers or subject experts, which will allow them 
to lenrn how to write programs. 

A related set of problems is caused by computer languages. If fund- 
ing is to be provided to teachers for the study of computer program- 
ming, i)lanners nuist realize that such supi>ort should not be limited 
to once-in-a-lifetime training. Edwards describes the different aspects 
of thi^ problem : the basic programming languages, the use of author 
langiiiages for writers, and special languages required for other elec- 
tronic de\ icv>y Till* quaudarv rnu>cd heniu.se there are so many dif- 

rent tyj>es of computers, which require different programming skills 
anil langiifvgt^. is somewhat improved by modem compiler languages — 
such as PASCAL" and FORTH,=*»— and there will continue to be 
impro\ements in languages and software which will require the pe- 
riodic retraining of programmers. Direct English language program- 
ming of computei-s, and other forms of voice interchange rapidly 
Ixicoiuing j)ossible, will alleviate many of these problems.*^ 

Ifo\\e\(M*. Inniiau uiiu hiiu' romnatabilitv is only pnrtially based 
upon convei-sational exchanges. Purely mecharacal problems inay re- 
late to design need.s. Factoi-s as seemingly incon.sequential as the shape 
of a tenninal. the means of data entry, and tran.sportability have been 
-hown to Im' tlcmen(h)li^l\ iuiportaut.*"' In Europe, where computer 
oi>erator.s seem to ha\e a gieater .say in the shape of the machinery, 
certain features may be umndatoiy under the law.*** Sweden, for ex- 
ample, now requires that CRT screens be orange, a color which causes 
less o])erator eye fatimie. There are a number of other questions 
which should be askecl about some of the readily accepted tools of 
information technology-, as shown by the lecent controversy over 
carcinogenic photocopying matorials.^^ 



CO>r>rUNlCATION8 

The third area of information technology in education is that of 
coiiiiuunicatiou.s technology. An examination of the chronology in 
Chaj)trr III -hows that both the Congress and (he private sector have 
madf^ i*eix>iited effoits to examine and pivdict the effects of communica- 
tions implementation upon education. Of particular concern have 

•-^ B<l\\ar(J«j. Jijfllth li Computer Applications In Instruction, p. 14-30. ; 
J»»n«en. Kathleen PASCAL. New York. Springer Verlajr. 1975. 167 p. * 
M«M' Ch.jrle^ H 1 |u- K\ iiiiitloM at r()KTn. au rnusunl language. Byte. V 5. August 
I9sr> p 76-92. 

•» K (plan Gad! Word Into Aetlon 1 IKKK Snertriim June 1980. v 17. lORO p. 22-20. 

® Winkler. Connie Ergonomics Focus Seen Vital to System Design. Computerworld. 
XIV October 12. 1080, p, 8. -flS? 

« Dooley. Ann Human Factors Challenging Terminal Vendors. Computenvorld, v XIV; 
Aucn«»t 11. IO^nO p 8 

•» A series of articles on this Issue may be found In Computerworlu Issues dated . Sep- 
tember 8. 15. 22. 1980. 
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been television, coble systems, and satellites. Each new generation of 
these tecluiologies has engendered a wa\e of enthusiasm for the pos- 
sible benefits which could be realized for education, but these are often 
followed by periods of disappointment when such great hopes were 
not fulfilled. Not surprisingly, there has been some cynicism on the 
part of the educational community regarding claims for new com- 
• munications technologies, such as fibre optics and direct bi-oadcasting 

by satellite. Two cunxnt projects in other countries demonstrate that 
there is justifiable hope that thcMj new technologies will be the answer 
to many of the problems in education. 

Project Ida, the ongoing telecommunications experiment in the 
Manitoba Province of Canada, will be one of the fii*st attempts to, ex- 
periment with the concept of the wired city".°^ One of the areas of 
experimentation will be the provision of education in the home via 
interactive cable. Another related experiment is making us6 of fibre 
optics to provide communications 'or rural areas. The BS series oi 
satellites launched by NASA for the Japanese Ministry of Posts 
and Telecommunications are to be the basis for a number of experi- 
ments which will focus upon direct broadcasting by satellite to 
homes. A .6 meter satellite reception antenna or dish has been devised 
which makes new applications of this sort practical. Part of the BS 
satellite experiments will deal with the broadcast of educational 
television to remote islands of the Japanese archipelago.^* Figure 3 
lists some of the other experiments in the field of satellite communi- 
cations which are at least partially concerned with education. Of 
special interest in the area of communications are two sets of hear- 
ings held by the Subcommittee on Communications of the U.S. House 
of Representatives and by the Se.iate Subcommittee on Communi- 
cations.®' 

Resolution of the problems of high cobt and complexity in comnm- 
nications is necessary if any of today's advances in the other areas of 
information technology are to be made available for educational pur- 
puses. The efforts to solve these problems are currently bein«j; concen- 
trated in three areas: improvement of data handling technology (cir- 
cuit and packet switching), networking (linking of data processing 
and handlin«:), and the development of new transmission media." 
Education is especially hindered by the lack of interactive communi- 
cations which would allow many changes in our formal process of 
education home education, resource sharing, and videoconferencing, 
to name a few. 



« Exploring the Wtred<:ity. Manitoba Telephone System. lOfiO 17 p. 

•* Material extracted from the speech of F. Ynmashlta. Chief Rpsenrch OfHdnl Si)!U*e 
Com muni cat Ions Development Division. Japanese Mln!«»try of Posts and T»*lp(N»miiiunIoa 
tlons. at the Fifth Annual Conference on Satellite Communications for I'uhllc Scr\lci' 
Held ar the Washington Hilton Hotpl. October S-10. 1980. 

» !* S Congress. House. Committee on Interstate and Forcirn Comuierci* SulK-oniMilttfc 
iin Communications Hearings. Telecommunlcatlona Facilities and DemtmHtratlon f 
11)1 r, Wft^'hlnPton. U S. Govt. Print. Off.. 1975. 138 p. 

U S Conjfrcfis. Senate. Committee on Commerce. Science, and Transportation. Siiboom 
mltr4»p»»n ri»mmunlcatl»ns. Ilearlnj:. Rural CommnnltatlonK Washington, US G(j\t Print 
Off 1077. 138 p. 

••Extracted from the Remarks of Morris Kdwards. Program Chairman of the Federal 
Compiitnr Confpronrp and dnta commitnicatlons consnltant to CommiinlratlonR News and 
InfoH>8tem8. at the 1980 Federal Computer Conference, held at the Washington Sheraton 
Hotel. September 22-24. 1980. 
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KioUKK 3.— Telecommunicalion.S'exj)erlment8 in education 
COUNTRIES INVOLVKD SUBJECT 

Australia/U-a ^ Provision of Cable Network News, 

_ ' Home Box Office, 

The Peoples Republic of China/ Satellite conference involving 
U.S. Capital Children's Museum and 

counterpart in The PRC, 

Senegal/U,S. Agency for International Devel- 

opment is hoping to improve 
telephony and educatior. for 
rural areas of the countir* 

Sweden/U.S. Swedish libraries will be linked to 

data-bases in the US to access 
bibliographic information. 

University of the West Indies Mutual exchange of information 
(Jamaica) and University of and educational programming, 

, the South Pacific 

U.S. /Appalftcliian Community The provision of television pro- 
Service Network gramming beneficial to an eco- 
nomically deprived audience; 
continuing education, commun- 
ity service, and professional de- 
velopment programming. 

INPORSIATIOK DISPLAY 

Another tec'inology which has a primary role in education is that 
of information display, sometimes called computer graphics. In its 
most simple configuration this might refer only to graphics or audio- 
visual displays. At^the other end of the spectrum are interactive, real- 
time (i.o.. tlioy react in less tlian a second), three-dimensional simula- 
tions which are accompanied by music or conversation. The vast 
majority of these materials, however, are made up of slides, trans- 
parencies, film and filmstrips, television, records, cassettes, tapes, and 
printed matter. 

The subject of educational media, those methods used currently 
m education, is enormously complex. A very broad treatment of this 
field may be found in Sleeinan and Rockweirs antholocy.«^ Other, 
more tmielv issues in media are dealt with in the nnnnnl by Bowker. 
entitled Educatiomd Media Yearbook (now in its fifth edition ),«• 
which also provides a comprehensive index and bibliography. A valu- 
able work on the topic of the costs of educational media^^cost anal- 
ysis theory and experience in case studies--is Jamison's The Costs of 
Educational .}fedza.^^ Philip Sleeman has written Imtructiondl Media 
arui Techrwlogy, a handbook for those actually studying the field or 
wanting "how to" advice.'^ Finally, for those seeking materials, the 

^Slwman, Phllln and D. M. Rockwell. Instructional Media aod Technology A Profea* 
slonal 8 Resource. Stroudsbare. Penn.. Dowden. Hutchinson, and Ross. 1976. 401 d 
433 p^"' ^^^^^ K<lucatlonaI Me<na Yearbook 1978. New York, Bowker. 1977. 

Xr^^iS^.-IXA'^X^ffiT * Aooouatable Learn- 
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preeminent collector in the field is the National Instructional Center 
tor Educational Materials (NICEM), which produces indices of 
audiovisual materials that are available." 

The principal medium of information display in education over the 
past two decades has been television. A stuay performed for The 
Carnegie Commission and entitled A Public Trust provides an excel- 
lent overview of educational television and the role that public broad- 
casting should play in American life." An earlier report by The Ford 
Foundation examines the role of television as an instructional me- 
dium." The emphasis of educational broadcasting today, however, 
seems to be focusing upon the twin issues of programming and 
finances. 

It is the'newer uses of television or the cathode ray tube (CRT), 
and other innovations in media — ^TV, videodisc, and computer com- 
binations, for example — that were of most concern in both tne October 
1979 and April 1980 hearings. Primary interest in educational media 
is now being placed on develppments m display techniques. Some of 
these display techniques, such as Control Data Corporation's 
PLATO J* and TICCIT, have been in use for 15 or more yeai-s. Video- 
disc technology made an impressive showing in both the hearings and 
in the technolo^ woricshop, but represents a storage media (the next 
section to be discussed) and not a display capability. 

Computer graphics were constantly alluded to, but tnat generic term 
was avoided, perhaps because of the concern that its proper name 
would connote technocracy. Computer graphics is the name for those 
graphic techniques which perform such seemingly trivial tasks as 
teaching geometry to children," animating displays on CRTs or tele- 
vision, and providing for three-dimensional simulation. The grai)hics' 
capabilities available for computer-assisted insiniction were until re- 
cently rather primitive and the problems many.'** A brief, but excellent 
history of the use of computer graphics in education may be found in 
an article bv Richard S. Siminons, which also examines the growth 
and needs of computer-assisted instruction in general." 

The role of computer graphics in education is similar to that of 
computers in education, in that graphics are a technology, a method 
of instruction, and are also an object of study. As a technology, 
graphics are transparent to the user, a. method by which a subject of 
study is depicted and made available in hardcopy form. As a method 
of instruction, computer ^^raphics are a subfield of computer-assisted 
instruction, with most of the characteristics of CAI. As an object of 

" The National Information Center for Educational Media Is located at the University of 
Southern California, In Los Anpelea. NICEM makes available an on-line data base of itemfl 
and 14 printed Indices of nndlo\Nual material. The Center alno attempts to «>\al»ate the 
ma tedal that It Indexes. ^ ^ , ^ *w . * t> 

"A Public Trust. The Report of the Carnecle Commission on the Future of Public 
Broadcasting. New York, Bantam 1979. 401 p. ^ ^ . „ ^ « , t> ^ * 

"An Innulrv Into the L'sea of Instructional Technology. A Ford Foundation Report 
New York. The Ford Foundation, 1972. p. 21-49. .... . , u 

'*An Informative description of the PLATO system may be found In an article by 
Stanley 0. Smith and Bruce Arne Sherwood. Educational Usep of the Plato Computer 
System. In "Electronics. The Coming Re-olutlou." Washington. American Association jor 
the Advancement of Science, 1977, p. 68-75. , «... „ , . ^no^ 

« Papert. Seymour. New Cultures from New TochnologleH Byte. v. C, Sei»lembor 1980. 

^' ^^I^ckllder. Dr. J C.R "The Role of Comouter Graphl^?s" In: The Computer T'tnit\ . 
Implications for Higher Education. Michael A. Duggan, Ed. Lexington, Mass., D C. Heath 
Co.. 1970, p. 11-16. 

" Simmons. Richard S.. Ph D. An Overview of Computer Graphics In Education and 
Training. Computer Graphics World, v. 3. May 1980. p. 32-37. 
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instruction, graphics aixi considered part of the subject of computer 
science. It nuiy be baid that computer graphics are one of the most 
important partb of computer technology with a role in the educational 
systems of the future. A thorough treatment of this subject is found 
in a recent CKS repoit: '^Computer Graphics: Applications and 
Technology.*' ^'^ 

Some aspectis of computer graphics technology which are crucial 
for the future of information technology in education include: 

The development of equipment which is used in the produc- 
tion of hard copy (slides, transpareaicies, and printed matter) . 

The development of equipment which is used for the input 
of data into computer storage (scanners and digitizers). 

The development of new display techniques whicli will 
enhance the use of computers in education (display process- 
ing). 

The development of disphiv technologies which will im- 
prove upc*> the cathode ray tube (fiat panel and ix>rtable dis- 
plays). 

INFORMATION STORAGE 

Another area uf informatitju technology b application to education 
i^ infonniition -.tonige. In general, one fact should be pointed out about 
this application . uhile the cost of comnuters and processing infonna- 
tion has decreased, the cost of storage has remained rather higli. The 
cost of gold and cobalt (used in circuit connections and in "reacf-write" 
head met hanisuih respect' vel\ ) ha\e hu reased dramatically when com- 
pared to the silicon used iii metal oxide silicon technology.^^ While the 
Japanese seem U) U» dt»\ eloping a solution to this problem, there is no 
imniediate answer in sight for T.S. manufacturers. 

Figure 4 portrav^ the ditl'eient t\pe> of technology available and 
the relative amounts of their information storage capacity.^^ While 
it seems that the book scores low on the scale of storage media, the 
all important feature of cost that w as noted in the first section should 
he reuiembered. The book, for all of ith frailty and '^K'k of various 
types of access, is still a cost-effective method for providing informa- 
tion. In terms of the use of any storage medium for schools the book 
remains the only viable alternative for providing instruction and read- 
ing material. All other proposals to date based upon access to digital 
tutorage media are only practical if costs could be lowered through an 
economy of mass scale. 

It muit be remembered that no single medium will answer all of 
the needs of education. If the crucial factor for selection is the ability 
to hold the greatest amount of digital data then four major types 
may be identified: magnetic disk, magnetic tape, floppy disk, and 
optical or digital videodisc. 

(1) Magnetic disk. — The magnetic or hard disk has shown con- 
tinuing promise over the years with constant increases in the amount 



•Olmrtrand, Uobcrt, Jerry Borrell, and Jean Paul Emard. Computer Graphics: Appli' 
cations and TechnolOfry. Washington, Congressional Research Service. 1080. 135 p. 

^Information Sjstemfc New« Gohl, Cobalt I'rob.cms May Mean Costlier Comnuteis. 
Jan. 14. 1980, p. 9. 

*> Business week. Videodisc: A Three Way Race for a BUlion Dollar Jackpot. July T. 
1980, p. 80. 
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FiouEK 4,— Comparison of memory device copaciti€$ 



Memory Device: 

Human brain 

National Archives 

IBM 3850 magnetic cartridge, 

Encyclop^ia Britannica 

Optical disc memory 

Digital Disc 

Magnetic (hard) disk 

Floppy DLk 

Book 

Bubble chip 

Semiconductor chip 



Storage eapacitv 
{milHonM of characteri} 



125, 000. 000, 000 
12.500, 000. 000 



250. 000, 000 
12, 500. 000 
12. 500. 000 



2.000 
313 
2.5 
1.3 
.2 

.003 



of data that can be stored, size reduction of the unit, and the speed 
of access to information. One development in particular has been of 
great importance to t^is medium : the IBM-developed "Winchester" 
technology. The twcgfeatures of value in this method are: the use of 
sealed containers |wtbe storage disk and an "air bearing'' effect which 
prevents the read-vwite head from touching the surface of the disk.®* 
An interesting trend in disk storage is the recent use of Winchester 
type technology in a small removable cartridge device.®^ 

(2) Floppy Disk, — The basic mechanism of the floppy disk is the 
same as that of the hard disk except the production material and the 
way in which data are read from the disk. "Floppies" are most often 
constructed from a thin sheet of mylar plastic. Unlike Winchester 
technology, the read-write heads actually touch the disk, which causes 
troublesome wear of the recording surface and errors when the head 
hits small dust particles. Because the disks are soft they must rotate 
at speeds much lower than hard disks or centrifugal rotation would 
deform the disk and alter data. However, floppy disk technology is 
relatively new (introduced by IBM in 1973^ and improvements, • ach 
as the ability to access data on both sides oi the disk, portend greater 
benefits.^^ Advantages of the floppy disk as a storage medium for 
instructional purposes include: relatively low cost, transiwrtability, 
simple technical requirements, and compatability with mini- and 
microcomputers. 

(3) Magnetic Tape, — Tape storage of digital data is one of first 
media to be developed and today remains one of the least costly means 
for storage. Until recently, work in the hard and floppy disk storage 
ai-cas bcenicd to be relegating tape technology to a rapidly diminishing 
rolo in information technology. Factors such as slow access to data, 
large size of the physical unit, maintenance problems, and destruction 
of the tape by the recording mechanism outweighed the initial low 
ro^t of tape nnit.s. Ke/ent **hrri'aniin<r'* techniques have made the use 
of tape economically viable again. A number of other factors such as 
improvement of read/write heads, microprocessor controlled tape 
transports, jjnd more efficient recordin^j formats are also playing a role 
in the revitalization of tape storage. Tape will probably play a some- 

« Whit#», Robert M Disk Stora>:e Technolopy. Sclentiac American, v. 243, Aug 1980. 
p 138—148 

Vettebone. Tom. A. Uemovnblo L>nx. NHnl-Mlcro Systems, v. XIII. Oct 1980 p. 132- 

*s'ValeDtlDe. Pamela. A BeglDDer's Guide Understanding Floppy Disks. On Computing, 
V. 2r Summer 1980. p. 8-15. 
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what different role in tiiis configuration since it is expected to pri- 
marily support or be used to complement disk technolo^.®* 

(4) Optical and Digital Videodisc. -The commercial market for 
videodisc technology is so potentially lucrative (primarily in enter- 
tainment) that most of its benefits are being obfuscated. Current tech- 
nology can allow us to store up to 2 gigabytes (billion) characters on 
a single digital disc. If one calculates this capacity on the basis of a 
1 million character average for a shigle monograph or volume, one disc 
could hold about 2,000 volumes.^'' Even larger amounts of data stored 
in this format may be possible.^® Tiiere are three formats for data 
storage Oil ai^cs: 

(1) Videodisr— iho imprint of standard NTSC video images on a 
disc. • 

(2) Optical digital disc — data are encoded onto a standard video 
signal. 

(3) Digital disc — data are encoded onto a disc by the use of a laser 
whicli can burn pits into the disc s surff^ce. 

The applications of each of these three may differ. The videodisc 
method is currently being used primarily for the entertainment indus- 
try — sales of movies on discs being the primary use. The digital disc is 
most often thought of j*s a device for mass storage. Recent work by the 
Phillips C'onipany will allow disc encoding in sltu^ thus providing a 
cheap, massive storage medium which will rival even a floppy disk. 
An example of this technology is being marketed by Bell & Howell and 
is directed toward an education market. The Bell & Howell product 
combines the Apple II niicroconiputer and video discs to provide ran- 
dom access for training programs. 

Richard Atkinson and Joseph Lipson of the National Science Foun- 
dation summarize their paper on these areas of information teclinol- 
ogy with the following: 

It is clear that plans can be developed for a wide variety of 
instructional technology futures. We can assemble affordable 
home learning centers based on the technologies discussed. 
But do we know enough to assure that they will be used 
effectively? Similar questions can be raised regarding the 
introduction of computer-based instructional technologies in 
the school. Our experience with television should give us rea- 
son for concern; we are still trying to understand the impact 
of TV on psychological development. How will the inter- 
active nature of computer-aided instruction affect cognitive 
and emotional growth? 

Another factor that limits our vision is our tendency to be 
trapped in images from the past. New technologies initially 
imitate old technologies (e.g., the horseless carriage). Only 
through imaginative efforts can new forms and techniques 



^Strpaminp Tape Improves Backup. Electronic Design, v. 22, Oct. 25. 1979. p 48-54. 

''^Goldstein. Charles Optical Videodiscs Potentlai Impact on Libraries and Online 
Services. WashinRton. National Library of Medicine, (unpublished) p. 9. 

Savajre. Maria. Beyond Film. A I^ook At the Information Storage Potential of Video- 
discs. Washington American Socloty for Information Science, v. C. Oct. 1980. p. 2G-29. 

•'Atkinson, Richard C. and Joseph Lipson Instructional Technologies of the Future. 
Presented at the 88th annual con\entlon of the American Psychiatric Association in Mon- 
treal, Canada. September 3. 19S0. p. 24-25. 
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evolve that capitalize on the unique capabilities of the new 
technology (e.g.5 the long evolution of film as an art form). 
While computers may oifer us inexpensive texts and video- 
discs may offer us inexpensive slides, surely these are intel- 
lectually trivial images of the new technology. What unique 
features ofTer us the opportunity to transform the intel- 
lectual an d inst ruct ional land:5cape ? 

In order tobotnn thiiiking about these questions, a descrip- 
tion of configur?itions of instructional technologies is in order. 
The array of hardware and software capabilities constitute 
the creative elements for the instructional author. They can 
be combined to produce many new forms. In the same way 
that dictionaries, novels, encycloixidias. posters, etc., are use- 
ful terms to describe the manifestations of the print tech- 
nology, we need to describe some of the unique ways that the 
elements of the new technologies can be config. rod for learn- 
ing. Typically, each configuration will involve a complex 
conibinR^ion of hardware and software elements and will 
imply a distinctive style of interaction between the student 
and the system. The challenge to the instructional developers 
will be to invent, develop, and implement new formats that 
will realize the potential of the new technologies. 



in. CHRONOLOGY OF SELECTED EVENTS AND ' 
LEGISLATIVE ACTIONS" 

To place in perspective the current and potential roles of certain 
innovative technologies— especially computers, telecommunications, 
teaching machines, radio, and television — a selective review of signifi- 
cant events, pertinent legislation, and milestone reports that reflect 
their evolution and utilization in education during the past quarter 
centunyx is presented; 

1956. — SAools in Hagerstown, Maryland begin to receive the first 
cable transmissions of instructional television. 

1958.— The National Defense Education Act (P.L. 85-865) [as 
amended by P.L. 88-210] and the Instructional Media for Handi- 
capped Children Act (P.L. 85-905) [as amended by P.L. 89-258, as 
further amended by P.L. 90-247. title I] are signed into effect. 

I960.— The New England Educational Data System (NEEDS) 
program begins on a modest basis as the Data Processing Project of 
the New England Scl)ool Development Council. 

PLATO I experiments in computer-assisted drill and prav>tice and 
tutorial programs begin at the University of Illinois. 

1962. — After a joint convention of State educational data processing 
specialists, the California Educational Data Processing Association 
(CEDPA) is founded. 

1963. — The Council of Chief State School Officers establishes a 
Coniniission on Educational Data Systems (CEDS) to conduct 
^^tudies, formulate recommendations, and plan for development on 
behalf of allj^tate Departments of Education. 

The Mental Retardation Facilities and Community Mental Health 
Centers Construction Act (P.L. 88-164) fas amended by P.L. 89-105, 
as further amended by P.L. 90-247], the Higher Education Facilities 
Act (P.L. 88-204) [as amended by. P.L. 90-575, title VI], and the 
Vocational Education Act (P.L. 88-210) [as amended by P.L. 90-576] 
are passed. 

The Institute for Mathematical Studies in the Social Sciences at 
Stanford University begins a laboratory program of research and 
development on computer-based instruction that receives funding 
from NSF and the Carnegie Corporation. 

1964. — EDUCOM (Inter-University Communications Council) is 
founded to promote cooperative efforts in the application of comput- 
ing and information technology in higher education. 

1965. — The White House Conference on Education is held and its 
final report, A Milestcme for Educational Process^ is published. 

•Based on an wriler chronolo«r prepared by Jean Paul Smard for Information Tech* 
nolcipy In Education : A Joint Hearing and Workshop, p. 200-209. 

(46) 
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Tlu» KhMiuMitnrv ami Soooiularv Education Act (P.L. 89-10 [as 
aiueiuUHl hv P.L. iM)-2l7. as further arnondod by P.L. 91-230] and the 
Hi^rhor Education Act (P.L. 89-329) fas arnondod by P.L. 90-35] aro 
si<n^o(l into h\\. 

The Educational Resourco.s Information Contor (ERIC) system 
lK»^ins opLM-ation with the production and dissemination of the Cafa- 
lo<j of Sr/erfrd Documents on the Disadvantaged, 

lOOG. — The Joint Economic Committee holds hearin^js on "Tech- 
uolo<r} in Education," followed by the publication of the committee 
\mnt^Autom(//ion and Terhnologn in Kdvration, 

The Library Sorvicets and Construction Act (P.L. 89-511) and the 
Adnit Education Act (P.L. 89-750) are enacted. 

The Xjitionnl luforiuntion Center for P^diication Media founded. 

1967.— The President's Science Advisory Committee issues its report 
op computers in hi<rhor education. 

The >Iodel Secondary School for the Doaf» utilizing the latest tech- 
nologies for educational and other purposes, is established by P.L. 
^>9-()94 on the campus of Gallaudot College. 

19()S, President John.-,on appoints a Commission on Instructional 
Teclinoloiry. 

The House Committee on Govornmont Operations releases its 
U'poit. '^Operation of Office of Education (Conflict of Interest — Pro- 
posed Grant for Computerized Classroom)," exam in in fj the intended 
nnplementr.ion of education technology. 

The Association for Dovolopmont of Computer-based Instructional 
Systems ( ADCIS) is founded in order to advance and promote com- 
puter assisted or niana<red in.st ruction at .secondary and higher educa- 
tion lovols. 

^'Sesame Street" (and "Tl Electric Company" in 1972) begins to 
receive fumliii^r froi i the Ollico of Education under the Cooperative 
Research Act (P.L. 83-351). 

1969. — The first Conference on Computers in Undergraduate Cur- 
ricula is held at the University of Iowa. 

The U.S. Department of Defense Advanced Research Projects 
Agency (ARPA) establishes a con»putor notworkin^r configuration 
called ARPAIiET, commencing with four Western universities. 

The House Committee on Education holds hearings on the "Needs of 
Elemontarv Education for the Seventies". 

The Xational Contor for Media aiid Materials for the Handicapped 
Ai t (P.L. 91 Gl) authorizes the creation of a media and materials cen- 
tt r utilizing varied tochnoloijies and applications for the handicapped. 

The House Subcommittee on Select Education holds hearings on 
the E(hicational Teclmoloirv Act of 1969. 

The (uMieial S<>rvices Administration directs the National Archives 
to establish tho Xational Audio Visual Center in Washington, D.C. 

John Hamblen, under XSF contract, prodiiros the fii*st < ntonj of 
Compnters In r\^^. TUnher Education. 1000-1907 that provides a com- 
prelien.si\o statistical base of usage, t\pes of use, and expenditures on 
computers in hieher education. 

1070. — Tlxo House Committee on Labor and Public Welfare holds 
hearings on the Higher Education Amendments of 1970. 
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The House Gi^neral Subcoinmittee on Education leleases *'A Com- 
peniliuni of Policy Papers'' on the needs of the elementary and second- 
ary education for the seventies. 

The Xational Commission on Libraries and Inforn^ation Science is 
established by P.L. 91-345. 

The final report Of the Commission on Instructional Toclmolo^ry, To 
Improve Learning^ is issued asi; House Committee on Education and 
Labor committee print. 

The House Committee on Science and Astronautics holds the 
eleventh meeting,' of the Panel on Science and Technology, resulting in 
publication of the report entitled ''Management of Information and 
Knowledge." 

The House Ccnnnittee on Foreign Affairs, (Subcommittee on Na- 
tional Security Policy and Scientific Developments) holds hearings 
on the "Foreign Policy Implications of Satellite Communications," 
during which the value of satellites for providing education to the 
LDC's is mentioned. 

Amsterdam is the site of the 1st World Conference on Computer 
Education. 

I971.---The House Subcommittee on Select Education receives testi- 
mony on the establishment of a National Institute of Education. 

A publication of selected references on new technologies in educa- 
tion i.s ishued by the Houi-e Committee on Science and Astronautics. 

The National Science Foundation grants funding for the develop- 
ment of two computer-assisted teaching systems, PLATO IV of the 
Tn-versitv of Illinois and TICCIT of The MITRE Corporation. 

1972 _Tho Carnegie Commission on Higher Education releases two 
major studies, The Fourth Revohttion: Inshwtional Technology in 
Higher Educaiim and The Emerging Technology: Instnictional Uses 
of tJie Computer in Higher Education (in conjunction with The Rand 
Corporation). 

The Xational Institute of Education is established as a quasi-govern- 
mental body and a National Center for Educational Technology is 
established within the Office of Education. 

Hearings on educational technolocrv ^re held by the House Select 
Subcommittee on PMucation (e.g., H.R. 4910). 

The Emerceney School Aid Act (P.L. 92-318. Title VII) authorizes 
the development and use of new curricula and instructional methods, 
including the acquisition of any instructional materials and technol- 
ogie.s. for use by all children regardless of race, color, or economic 
standing. 

1973 —The Ford Foundation publishes An Inquiry into the Uses of 
In/itnietional Technology. 

The MITRE Corporation publishes a study on its Rest on, Virginia 
experiment involving the technical and economic considerations attend- 
ant on the home delivery- of instructional and other socially related 
services via interaci n television. 

Issues and public p< Ucies in educational technology are discussed in 
the National Academy of Engineering's report, To Realize the 
Promise. 
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Demonstration of PLATO is a featured presentation at hearings on 
Federal information systems, plans, ahd the development of advanced 
information technologies neld by the House Subcommittee on Foreign 
Operations and Government Infonnation. 

The House Subcommittee on the Handicapped holds hearings which 
inchide discussions of the area of computer-assisted instruction. 

1^74.— Under the Education Amendments of 1974 (P.L. 93-380), 
(1) the Conunissionor of the Office o^ Education is empowered to use, 
at his discretion, certain funds for educational television; and (2) the 
Office of Library and Learning Resources is created to administer all 
fundmg and oversight of thdso technologies used for instructional 
programs. ' 

1975. — C'ompufers and the Learrung Process in Higher Education is 
prepared for The Carnegie Coinniission on Hi/?her Education. 

The House Subcommittee on Communications holds hearings on the 
relecommunications Facilities Act of 1975, H.R. 4564, with the "Use 
of Educational Broadcasting" a focal point. 

The Eduwition for All Handicapped Children Act (P.L. 94-142) is 
passed. 

1976. — The Educational Testing Service and Los Angeles Unified 
School District initiate a National Institute of Education funded, f our- 
vcar project in I^s Angeles, "Taking a Long Hard Tx)ok at Computer 
Assisted Instniction". 

The Educational Professions Development Act (P.L. 90-35) is 
amended by tl.e Teacher Corps and Teacher Training Proirrams Act 
(P.L. 94-482 >. 

1^7.— The Senate Subcommittee on Communications holds hearings 
on Rural Telecommunications in which educational broadcasting is 
discussed. 

1978. — Title II of the Education Amendments of 1978 (P.L. 95-561) 
stresses the need to utilize new technologies to improve and develop 
basic skills and Title XV grants assistance for children's educational " 
television. 

"Computers and the Learning Society" is the theme of the hearings 
and the subsequent committee print (1978) of the House Subcommittee 
on Domestic and Interna.^'Dnal Scientific Planning, Analysis and 
Cooperation. 

1979. — Tlie first National Educational Computing Conference is con- 
vened at the University of Iowa. 

The landmark report of The Came^rie Commission on tlie future of 
public broadcasting, entitled A Public Trust, is published. 

The final report on Videoconferencing via Satellite: Opening Con- 
gress to the People is published, detailing certain educational uses of 
this conferencing technique. 

The American Federation of Information Processing Societies 
(AFIPS) convenes a panel to study the scientific and technical impli 
cations of information technology in education. 

The House Subcommittee on Science, Research and Technology 
holds hearings on "Information and Communications Technologies 
Appropriate in Education (including H.K. 4326)''. 
^ The IVhite House Conference on Library and Information Services 
IS held in Washington, D.C. 
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The Department of Education is established (P.L. 96--88) and the 
first Secretary of Education sworn in on December 6, 1979. An dist- 
ant Secretary for Educational Research and Improvement is created to 
pursue research, development, dissemination, and assessment 

1980. — Thei House Subcommittee on Science, Research and Technol- 
ogy^ the Senate Subcommittee on the Handicapped, and the Congres- 
sional Research Service jointly sponsor a three-day series of panel/ 
workshops on the "Application of Technology to Handicapped Indi- 
viduals" with a subsequent 1980 committee print. 

The American Association for Higher Education establishes a center 
for learning and telecommunications which will assist post-secondary 
institutions in exploring technology-based programs. 

The Lister Hill Center of the National Library of Medicine an- 
nounces the releabc of a mini-computer based, "stand alone'' educa- 
tional b\stem ab part of itsprogram on "Computer Based Educational 
Technology." 

Joint Hearings are held before the Subcommittee on Science, Re- 
bt^arck and Technology of the Committee on Science and Technology 
and the Subcommittee on Select Education of the Committee on Edu- 
cation and Labor, House of Representatives on April 2, 3, 1980. 

The House Committee on Education and Labor's Subcommittee on 
EIciiicntar\, SiH ondiii v, and Vocational Education issues. "A Compen- 
dium of Pc licy Papepb, Needs of Elementary and Secondary Education 
in the 1980*s." 





IV. SALIENT CONGRESSIONAL ACTIVITIES (1§69-1980)»^ 

Congressional exploration of the potential for education of various 
technologies has spanned more than 20 years, but it was not until the 
1969-1980 period that the full force of attention to this area of grow- 
ing concern was evidenced on Capitol Hill. Not only were several 
con^^ressional committees and subcommittees active in considering the 
merits of specmc legislation dealing with information technology in 
education, but in other instances they sought to collect expert testimony 
regarding the present status and projected value of such devices, tech- 
niques, and systems. 

One iterative pattern, also reflected in the previous decade, found 
the Congress reviewin^; its earlier work which had resulted in public 
laws that must now modified. These adjustments, executed only 
after intensive scrutiny (hearings, studies), were responsive to chang- 
ing needs of various constituent groups or the introduction of advanced 
technologies which could offer yet further support for educational 
administrators and instructors. 

The focus of this chapter will be the endeavors of the past six 
Congresses (91st through the 96th), with particular attention to over- 
sight hearings, special seminars, and studies which were designed to 
gamer useful factual information *^.nd the insights of various categories 
of professionals with responsibilities in the area : government adminis- 
trators, academic representatives, corporate and foundation officials, 
and other knowledgeable "experts." The burden of investigation in the 
House of Repjresentatives during this period was shared by several 
legislative entities, especially the Committee on Education and Labor 
and the Committee on Science and Technology. In the Senate, special 
reviews touching on this subject were conducted by such ^jroups as the 
Committee on Labor and Public Welfare and the Committee on Com- 
merce, Science, and Transportation. A listing of committees and sub- 
mittees in both Chambers involved with the role of informaton tech- 
nology appears as Figure 5. 

FiGuiiE 5.— List of congressional committees and subcommittees in- 
volved with information technology in education 

HOUSE OF REPRESENTATIVES 

Committee on Education and Labor 
General Subcommittee on Education 
Select Subcommittee on Education 
Subcommittee on Education 

Subcommittee on Elementary, Secondary, and Vocational Educa- 
tion 

Subcommittee on Select Education 



** Quoted testlmODy for each of the subsectioDS fouDd Id this Chapter is attributed to the 
source document. 
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Committee on Foreign Affairs 
Subcommittee on National Security Policy and Scientific Devel- 
opments 

Committee on Interstate and Foreign Commerce 

Subcommittee on Communications 
Committee on Labor and Public Welfare 

Subcommittee on Education 

Subcoimnittee on the Handicapped 
Committee on Science and Astronautics 

Subcommittee on Science, Research and Development 
Committee on Science and Technology 

Subcommittee on Domestic and International Scientific Planning, 
Analysis, and Cooperation 

Subcoinniittoo on Science, Rcseiirch, and Technology' 

SEKATE 

Conmiittee on Appropriations 

Subcommittee of the Committee 
Committee on Commerce, Science and Transportation 

Subcommittee on Communications 
Committee on Labor and Public Welfare 

Subcommittee on the Handicapped 

The continuing evolution of the focal teohiiolog}^ and its varied 
impact are evident throughout the testimony and supporting docu- 
mentation for this j>erioJ. The enipluii>is shifts from coniinentaries 
about the utility of audiovisual devices and materials in the earlier 
years to expositions on the proven performance and promise of com- 
puter and telecommunications technologies in the late 1970's. 

Underscoring the role of information technology in education on 
several occasions was Representative John Brademas, who chaired 
Untie series of hearings; on one occasion he stressed that : ®® 

* * * the intelligent and effective use of instructional tech- 
nology could multiply the effectiveness of teachers and of the 
facilities in which tlioy teach, and that the intelligent appli- 
cation could raise the quality of instruction, could increase 
access to education, and that those were the two principal 
justifications for increasing our investment in instructional 
technology. 

Again . -^d again the formal testimony and advice offered during 
dialogues between witnesses and Members of Congress stress the need 
to exercise caution in the introduction of atlvanced technology into 
the learning environment. In most cases, these coujments seemingly 
do not arise from a disbelief in the utility of many of the new devices 
and man-miicliine techniques, but are more i-elated to the difficulty of 
integrating innovation into any traditional setting. The essence of this 



••U.S Consrress. House Committee on Education and Labor Select Subcommittee on 
Education Educational Technology Act of 1060 Hearing, Olst CongresB, 2d session. Held 
Mar. 12, 1970. Washington, U 3 Govt. Print. Off., 1071, p. 60. (Hereafter cited as Educa- 
tional Technology Act of 19890 
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difficulty is encapsulated by Emmanuel G. Mesthfenc, Director of the 
Harvard University Program on Technology and Society : " 

Technological devices already introduced into schools in 
recent years have had only peripheral* impact, partly because 
educational technology is as yet much more primitive than is 
generally appreciated, so tliat fragile, unreliable, and expen- 
sive devices often gather dust in a classroom corner after an 
initial wave of enthusiasm has subsided. 

Knowledge about how to apply the technology is even more 
primitive, in a number of respects. Even when machines work 
and classroom attitudes are attuned to their use, attempts to 
graft the new techniques to old curriculums have proved spec- 
tacularly unsuccessful and largely unrelieved as yet by imag- 
inative technical and curriculum innovation tailored to the 
new demands and possibilities of education. 

A matrix setting forth the essential elem^^nts of information regard- 
ing the significant congressional activities, 1969-1980, comprises Ap- 
pendix 1. A listing of public laws featuring provisions which directly 
or cangentially deal with the role of information technology in educa- 
tion, or rationally related topics, is found in Appendix 2. 

Xhe following sequential subsections are concerned witli those con- 
gressionally sponsored activities — on a Congress-by-Congress basis — 
which serve as a backdrop for tlie 1979-1980 hearings that are treated 
in detail in Chapters V, VI, and VII. 

Hearings on the Needs of Elementary and Secondary Education for 
the Seventies {91st Congress) 

The first major event in this clironicle of congi-essional liappenings 
was a series of hearings on the "Needs of Elementary and Secondary 
Education for the Seventies," under tlic aegis of the General Sub- 
committee on Education of the House Committee on Education and 
Labor.*- Representative Roman C. Pucinski, the Subcommittee chair- 
man, presided over six days of hearings during October and Novem- 
ber of 1969. Related legislation involved a series of bills "to provide 
for the needs of elementary and secondary education for the beventies 
H.R. 517, the Elementary and Secondary School Construction 
Act 

H.R. 776, thG Schoolchildren's Assistance Act 

H.R. 9866, the National Education Policy Act 

H.R. 10833, the General Education Assistance Act 

H.R. 11546, the Nationwide Educational Excellence Act 

The initial liearing, perhaps more than any other, focused on tlie 
development and use of beneficial and innovative teaching techniques, 
the imaginative utilization of various instructional aid devices, and 
the necessarv interaction between well trained instructors and tlieir 
equipment. Among the witnesses were : 



" Educational Technology Act of 1969. 184 p. 

•»US Conpresa. Hoase. Committee on Education and Labor. General Subcommittee on 
Education. Needs for Elementary and Secondary Education for the Seventies Hearinga. 
9l8t Congress. Ist session. Waahlngton. U.S. Govt. Print. Off.. 1969. 604 n. Held Oct. 
and Nor. 1069 (Hereafter cited as Needs of Elementary and Secondary Education). 
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Dr. Herbert Kluusineier, Director, Wisconsin Research and Devel- 
opment Center for Cognitive I^earning — de^ribed tlie ^Tatterns in 
Aritluuetic*' television project, funded by the Cooperative Research 
Act (P.L. 83-351), and urged the ^'totaf system" approach. 

.loan Ganz Cooney, Director, Children's Television Workshop, 
National PMucatioiial Televi.sion — stated tlie objectives of the tele- 
\ ision workshop, ami the criticiil exi>erimental question : "Can the tech- 
ni(jue^ proMu buccessful in commercial television be adapted to the 
teacliing of preschool cliildren V The ^'Se^ame Street" experience was 
described and discussed. 

In connection with these hearings, a thought-provoking study by Dr. 
Leon H. Keyserling, President of tlie Conference on Economic Prog- 
ress, entitled "Achieving XaMonwide Educational Excellence: A Ten- 
Year Plan to Save the Schools,*' was incorporated into the hearings 
docurueiitatioii after l)oing dibcu.s.sed at length. Another focal writing, 
'Can Televi.sion Really Teach?'' by Edward L. Palmer, is included as 
Appendix 13. 

Iltiirlhij on tht Educatianid Tichriology Act of 1969 {91st Congress) 
Till* follow iug year, the Select Subcommittee on Education of the 
Ilou-e Committee on Education and Ijabor convened a hearing (March, 
1970) to iliK'uss the Educational Technology Act of 1969.^^ Represent- 
atiw rh>lui Hiadt'iua^i ihaired thi.s one-day session which was oriented^ 
to the conti nt and ramifications of H.R. 8838, a bill "to improve edu- 
cational (luiilitv through effective utilization of educational technol- 
ogy." Thi> heariiig wa^s the fir.st to be dedicated, during th'.s decade, to 
the role and inij)act.s of tt'chnology in education. A concomitant objec- 
tive^ t)f this luMiing vva^ to review the findings of the Commission on 
lustructiomil Technology, commi.sbioned in 1968 by the Department 
of Health, Education, ami Welfare "to con. struct a comprehensive 
-.tudy of >eh(X)l um's of tclcviMon, radio, and allie<:l instructional 
metlia." 

In reporting on the Commission report, To Improve Leamino^^* its 
chairman. Dr. Sterling M. McMurrin, Dean of the Graduate School 
of Education, University of Ctah, noted that 2,000 persons and agen- 
^jps hail been contactedw regional meetings held, and eventually four 
iruidelinos develoi)ed which governed the endeavor: 

Wr undertook to face the problem> of instructional technology in 
tonus of the learnei". 

\\V were concerned with the whole gamut of the learning process, 
and what must take place in the schools. 

\Vt' wcri' concerncil with the whole field of education, from the pre- 
s liool jx'riod through continuing education beyond gi'aduate and pro- 
fcshional schools. 

We were concerned with the problem^ of instructional technology 
from the stand] ioint of instruction and learning as a whole rather than 
simply as individual in.structioual techniques. 

Thr U't oiiuin'iidation.s of the Comini.->.si(>n, which reflected how it 
"wi'igheil future promise against present achievements, and examined 

» Kducatlonal Technolo« Act of 1969. p. 62. 
*• Educational Technology Act of 1969. p 41. 
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the Mscrepancies between the science-fiction myths of instructional 
technology and the down-to-earth facts," using as a starting point 
not technology, but learning," constitute Appendix 4. 
One focal point of particular value to the hearing sponsors, and sub- 
sequent congressional overseers, was the fulsome definition of "instruc- 
tional technology," which merits inclusion here : < 
Instructional technology can be defined in two ways. In its more 
faniijiar sense, it means the media born of the communications 
revolution which can^be used for instructional purposes alongside 
the teacher, textbook, and blackboard. In general, the Commis- 
sion s report follows this usage. In order to reflect present-day 
reality, the Commission has had to look at the pieces that make 
up instructional teclmology: television, films, overhead projec- 
tors, computers, and the other items of "hardware" and "soft- 
ware" (to use the convenient jargon that distinguishes machines 
from programs).. In nearly every case, these media have entered 
education independently, and still operate more in isolation than 
in combination. 

The second and less familiar definition of instructional tech- 
nology goes beyond any particular medium or device. In this 
sense, instructional technology is more than the sum of its parts. 
It IS a ^vstoinatic way of designing, carrying out, and evaluating 
the total process of learning and teaching in terms of specific ob- 
jectives, based on research in human learning and coramunication, 
an(l omplovino: a combination of human and nonhuman resources 
to bring about more effective instruction. The widespread accept- 
ance and application of this bix)ad definition belon^r^^ to the future. 
Included in the report's section on "Instructional Technology To- 
day was a perception of this often controversial area offered by Dr. 
Anthony G. Oettinger, a linguist and mathematician associated with 
the Harvard Program on Technology and Society, in his book Run, 
Computer y Run 

My aim in analyzing tlie myths, the institutional failures, 
the brazen exploitations, the oppressive self-delusions that 
make a mockery of technological change in education is not 
to deny the promise, but to rescue it from unmerited disillu- 
sionment. I say there are no easy victories, no quick answers, 
no panaceas. If we are to realize the promise, we must not al- 
low our human and material resources to be diverted into 
showy changes in form that will continue to block change in 
substance. Fundamental ignorance remains to be overcome in 
many realms that bear on the successful application of mod- 
em technology to education and we must therefore be pre- 
pared to encourage long-term investment in the exploration 
diverse paths. 

It should be noted that the McMnrrin Report found, "To generalize 
and oversimplify the present sfatm of instru^tionaJ. technology in 
American education is low in both quantity and quality:^ 
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Hearings on the Higher Education Amendments of 1970 {9lst 
Cangress) 

Another series of hearings during 1970, held by the Subcommittee 
on Education of the Senate Committee on Labor and Public Welfare, 
concentrated on the provisions of S. 3474, "to amend the Higher Edu- 
cation Act of 1965. the National Defense Education Act of 1958, the 
Higher Education Facilities Act of 1963, the International Education 
x\ct of 1966, and for other purposes and related bills." ^ With Senator 
Claiborne Pell, the Subcommittee chairman, presiding, these three 
days of hearings ranged widely across the spectrum of provisions, 
grant programs, and services contained in the earlier legislation. On 
the final day, the focas shifted to the high cost of educational technol- 
ogy to universities. A^nong the witnesses : 

Dr. Hov;ard Kitchens, Executive Director, Department of Audio- 
visual Instniction. an afTiliate of the NEA. 

Dr. Rawland G. Cresser, Director of Audiovisual Services, Univer- 
sity of Rhode Island. 

After alluding to the definition of instructional technology provided 
in thr Mc.Nfurrin Commission Report, Dr. Kitchens in his formal 
statement quoted "one of the nio.st prescient of our contemporaries," 
Dr. John W. Gardner, who had this to say about the "technological 
revolution in education 

A dozen years a^o, when some of us began predicting and 
describing the ai)proaching technological revolution in educa- 
tion. I'm afraid we gave the impression that it was approach- 
ing with supersonic speed. In fact, it has limped onto the 
scene. But anyone who doesn't recognize those first limping 
troops as the vanguard of a mighty host is just out of touch. 

Despite our non-system of R and D in education, which is 
ap|)allin^rl\ uiuhM'finaiKvd and ill-cli\si<>:noJ, tho new tech- 
nology is emerging. The biggest educational event of 1969 was 
rho Ijiunohinij of Sesame Street — an extra-ordinarily elYective 
children's television program. I don't want to overemphasize 
that one program because it represents only one aspect of the 
new technolofr\' — but if you haven't seen a child watching 
Sesame Street youVe missed something. 

All of us in this room know by heart every twist and turn of 
the debate over the new technology and I don't intend to prove 
my grasp of it by repeating it. IMl simply say that in my 
opinion ludicious use of video-tape, programmed iastniction, 
computer-assisted instruction and ot'^er new approaches holds 
proni'iM' of a truly immon^e irain in the availability of fbo 
hiirhost quality instniction — instruction that can be individ- 
ualized, motivating, powerful in impact and grounded in the 
best of tefiching practices. I'll s*ay somethini^ even stronger. It 
is in my opinion the only hope for a radical upgrading of 
educational quality on a massive scale. 



U S Cnncr*''-** Sonnto Cummltt*'*' on Lnbor nnrl Tubllc Welfare Subcommlttoo on Edu 
^•ntl'tn Hichor K*inrntlon Aninndmoiitv, of 1070 Hoarlni-'s 01st ConiTross. 2fl sesRlon, on S 
34 73 AT\(\ related hWU Held Feb 5. May 12 and 21, 1070. Washington, U.S. Govt. Print. Off. 
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After pointing out that Title VI-A of the Higher Education Act 
of 1965 (PX. 89-329) "provides Federaf matching funds for the pur- 
chase of laboratory and audiovisual equipment, clcfeed-circuit television 
equipment, and plassroom materials for the improvement of instruc- 
tion at the undergraduate level,'' Dr. Kitchens in his prepared state- 
ment noted that "students arrive on our campuses more sophisticated 
in their experiences with communications media than ever before.'* He 
went on to remark, in his oral testimony : 

* * * we don't want to see the impetus that has begun to j 
support an emerging educational technology stop at this L 
time * * * this Federal effort should be continued. 
Dr. Cresser, following a descriptionlofy^fforts at the University of 
Rhode Island — includmg two new majjor cmssroom facilities "which 
are predicated on a systems approach ftoe^Jucation—told of funding 
shortages and the need for continuedTederal aid. He and Senator 
Pell subsequently discussed the value of mobile audiovisual labora- 
tories, such as those used in Providence and East Providence. Ehdde 
Island. 

Hearings on Foreign Policy Implications of Satellite Communica- 
{91st Congress) 

Ar cher aspect of ^technology's role in education was addressed dur- 
ing the Spring, 1970 hearings before the Subcommittx^e on National 
Securitv Policy and Scientific Developmento of the House Committee 
on Forei^^ Affairs.^^ The three days of hearings, under the chairman- 
^hip of Representative Clement J. Zablocki, reviewed developments 
conceniing the foreign policy implications of satellite communications, 
and carried forward previous Subcommittee studies of satellite broad- 
casting »^ and the role of developmental television in Latin America,®' 

Featured in the statement of Sig Mickelson, Vice Chairman and 
trustee of the International Broadcast Institute, was testimony con- 
cerned with the best way to optimally utilize satellite technology, rising 
"the vi^^ion, the courage, and the good sense" which can result in bene- 
fits at home and abroad. 

The developnient of the satellite as a ice for enabling 
men to communicate where they have never been ab]e to com- 
municate with speed and efficiency before opens up immense 
new facilities for broadly educational purposes surpassing 
in scope and enormity anything we have seen. 

The impact of this technology upon TT.S. foreimi policy is manifold. 
One major application is for education, anc' Air. Mickelson spoke of 
aid to developing areas (South America, Ind a, Indonesia). The thrust 

''US Opngross. House Committee on I^orelgn Affairs. Subcommittee on National Security 
Pollny and Scientific Developments. Foreign Policy Implications of Satellite Communlcn- 
tlonb Ilearlnprs, 91«t Congress, 2d session Held Apr. 23. 28, 30. 1970. Washington, U.S. 
Govt. Print. Off. 1970, 212 p. 

S Congress House. Committee on Foreign Xffalrs. Subcommittee on National Security 
Pollcv and Scientific Developnient.s Safelllte Broadcjistlne Iin|>lkMtluns for Forolcn Policy 
HearJnCT. 91st Congress, Ist session. Washington, U.S. Govt. Print Off., 1909. 317 n Hear- 
ings held May 13, 14. 15, and 22, 1909. 

» r S Congress. House. Committee on Foreign Affairs SubcommUtee on National Securltj 
Pollcv and Scientific Developments Reports of the Special Study Mission to Latin America 
on Military Asblstance Training and Developmental Television. Committee Print, 9l8t Con- 
gress, 1st session. Washington, U.S. (Jovt. Print. Off.. 1970, 53 p. 
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of his te4>tiinony, while deahn/r with steps which must be taken by the 
r.S. loadei-ship* also treated the need for international support: 

In Oider to realize the full potential of modern technology 
\Fo will need intelligent and understanding support from both 
international and national regulatory agencies and from the 
public. Somehow, international arrangements are going to 
have to be made to manage the radio spectrum in such a way 
that frequencies are allocated in the most efficient manner, 
avoiding over-lap, giving priorities where priorities are in 
Older, while, at the same tnne, furnishing maxmum service. 
Since the satellite signal is international, much c.*^ the regula- 
tion wilt have to be carried out by an international body or 
bodies. Granting this power to international agencies will 
require from participatir^ countries some relinquishment of 
national sovereignty. 

Copvright regulations on an international basis will have to 
ho revised $o as to be more resix)iisive to new communications 
teohiiol()g>' and, in sonie cases, strengthened to protect artists, 
writers, teachers, musicians, and holders of rights to various 
types of informational and educational materials. Adequate 
protection clauses will have to be written without inhibiting 
free distribution. 

Instruments for regional cooperation will be required so 
that two or more countries can equitably share single commu- 
nications facilities. 

Systems for access will have to be devised so that one coun- 
try or a consortium of countries is not in a position to block 
the use of facilities of others, or so that a monopoly by one 
part of the world will not stifle the development m others. 

Monev will be necessary, not so much to build and launch 
the satellites themselves. In relative terms they are inexpen- 
sive. A more costly element will be the construction of earth 
stations and the instaltation of receiving equipment, whether 
it be telephone, radio, telegraph, facsimile, television, or some- 
thing more sophisticated. 

For educational purposes, the so-called software will have to 
be developed— the teaching materials, the philosophical ap- 
proach, and the elements that go into making up a curriculum 
and course of study. Creating *and managing the hardware will 
flepend lurgely upon international arrangements; but the 
bulk of the software will have tx) be developed indigenously by 
those who are sensitive to the variou.s requirements, interests, 
mores, and stages of development of the aiea in question. 

Another witnob-^, Joel Bern>tein, Assistant Administrator for Tech- 
nical Assistance at the Agency for International Development, noted 
that in developing countries "the conventional approaches to educa- 
tion cannot meet l ither the quantitative or qualitative needs of their 
rapidly growing and changing societies." Later, in discussing the social 
and political problems of Tx^s^r De\ eloped Countries. Mr. Bernstein 
reminded ilie Suboominittee that "some of the same pmblems" exist in 
this country. The es.-ence of the dilemma, faced by government planners 
and educators alike, could be summed up in these words of the witness : 
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Thoro are tho problems of developing the quality of educa- 
tional content, making it relevant to the actual circumstance 
^nd useful in meeting actual life needs. There are special 
problems of stimulating development of educational content 
that is well integrated with the new delivery systems. There 
are problems in understanding better the leaiiiing pi-ocess it- 
self and how it i\»lates to different communication tech- 
nologies in varied circumstances. 

The Maruigement of I n foi^nation and Knowledge, papers prepared for 
the Panel on Science and Technology {91st Congress) 

At tho eleventh meeting of the Panel on Science and Technology 
with the House Committee on Science and Astronautics, held early in 
1970, the chosen theme was "The Management of Information and 
Knowledge." In the words of Chairman (R^reswitative) George 
P. Miller, the three^day medley of papers and discu-^ion focused on 
the 'Rapid development of tlie computer and the revolution in com- 
munications technology . . . [and their] impact upon our society." 
Ten eminent educators, sociologists, and scientists contributed papers 
which were augmented by the creative commentary from keynote 
speakers and other discussants. 

In his keynote address, ilcGeorge Fundv, President of the Ford 
Foundation, commenced by observing that the subject of the meeting 
imphed "in its simple, declarative form a problem, a capability, ana 
a potential if unrealized henefU:' After pursuing this concept as re- 
gards information systems, he apprised his listenei-s of the limitations 
of this new technology : 

• its susceptibility only to data which can I)e quantified, 
and the distortions in judgment which will occur when non- 
quantifiable aspects are badly misjudged, or wor.se still, 
omitted entirely from the calculus; 

• the direct relationship between the quaUfy of raw data 
elements or iniMits and the ndiu' of knowled<re output ; and 

• the neco.ssity that one ^ theory or explanatory hypothesis 
bear at least a fii-st approximation to reality. 

The modemtor, Daniel BelL Professor of Sociology at Harvard Fni- 
vei-sity and Qhairnian of the Commission on the Year 2000, .>ought to 
make another point which stressed that: 
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the sources of innovation in the society come from 
the intellectual institutions, the univei-sities, the research in- 
stitutes, the research corporations. It means moreover that the 
scarcest resource to the society is essentiallv talent (or human 
capital in the words of the economi.sts) aiid the husbanding 
of hun^an capital. 

Citing a caveat penned by Harold Laski-~«When the leaders of a 
people ask their followers to die for a dream, those followers have 
a right to know in whose behalf the dream is being dreamt' —speaker 

^-Tiii^ 9*^5'*^^*'? J^^"^^- Committee on Science and Astronautics. Man^'cement of Infor- 
Xnnn^f'L^.?'^^^'^^- Committee Print (Olst Congress. iHt session I. iJiTO.isS p A com- 
pilation uf papers rreparcK] for the meeting of the Panel on Science and Technology. 



60 

Geor^je Kozinotsky, Dean of the College of Business Administration 
and Graduate School of Business at the University of Texas, offered 
an exi)osition on the role of system^ analysis for integrative higher 
education planning. In speaking of education in transition, he iden- 

ttified challenges to seven ba.-ic assumptions of the previous generation 
of educators: 

(1) Education is a privilege, — There is increasing acceptance that 
education is a universal necessity that has yet to be based on meaning- 
ful standards. 

(2) Schools m\ist g**oup, sorty and screen students as to their ability 
and respoTisibility, — There is increasing awareness that schools will 
accept, stimulfvtc, and nurture each child to find his proper level. 

(3) Education must he separated from the real world. — There is 
increasing awareness that there is a broad area of ^^.ongruence between 
education s role as a service to society as well as tho shaper of society. 

(4) Schools are the only educative force in our society, — There is 
increased recognition that schools are not the only educative forces. 
There are other enterprises, public and piivate, involved in meaning- 
ful education that will be interrelated with the school systems for a 
lifetime of individual learning. 

(5) Education is exclusively a process by which the older genera- 
tion transfers relevant knowledge to the younger generation, — ^There 
ib growing awareness that much of what the young people need to know 
for their generation's time today's educators have yet to learn and that 
there is a growing need to learn more things together. 

(6) Th^ proc(Sfi of Icamino Is essentially a formal process, — ^There 
is a growing awaroness that there is a great deal of informal learning 
outside the classroom. Tliih is e\idont in mass media, industrial cor- 
poration training programs, and military-services training. 

(7) TJic teaching I -li ami ng enrironmcni is prirnarily hatch process- 
ing involving ttiU^t r and dudt ntn, — The fear of technological devices 
(e.g., coiTiputci*s) being gradually replaced by the growing aware- 
ness that these dexice.^ are natural extensions for the individuality 
of teaching a> well as for the individual's development of creativity 
and inventiveness. ^ 

One of the diKMiiina> faciiiir education today, said the Doan, was a 
more efficacious u.-c of computer capabilities. He noted that often- 
times problems assigned to the computers : 

* * * can be solved by the students on today's modern elec- 
tronic calculators in less than a quarter of tHe time spent in 
the modern computer labs modeling, programming, punching 
cards, debugging, and evaluating the quality of the results- 

Kegretfull\, Dr. Kozmetxsky noted, computer designers and educa- 
tors "are equally reluctant to use the principles or techniques which 
they develoiy' and both "are reluctant to predict the future." The full 
text of the Kozmetsky presentation appears as Appendix 5. 

A second paper which provoked rumination was that by Thomas 
F. Green, Director, Educational Policy Research Center at Syracuse 
University, entitled "Education and^ Schooling in Post-Industrial 
America: Some Directions for Policy." In his opening section, he 
confronted the matter of "dealing with the applications of technology 
in education and the effects of technology upon education : 
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First, it is unlikely tliat tlie application of technology within 
the educational system will resolve any major current problem 
or any problem likely to confront American education within the 
next fifteen years. Secondly, likely developments in technology — 
especially new techniques for control of behavior — may present 
the educational f^ystem with new problems of structure and con- 
tent witliin tlie next fifteGa years. .These two judgments reflect a 
particular understanding^f technological diffusion. But more 
important, they reflect an Attempt to keep in mind tlie difference 
between what is an educational problem, on the one hand, and 
what is a social problem affecting education, on the other. 
After considering a scenario where the costs of instructional systems 
decline and tlieir quality improve.^ along with a pressure to raise pro- 
fessional salaries— thus producing "a crisis of major proportions^' — 
he warned that : 

We must focus attention not on the po.ssi])]o adoption of 
technolo^ in education, but on the arrangenient.s nocossiiry 
if thai diffusion is to take place. The application of technol- 
ogy within education will probably occur only when wo find 
new methods of finance, and different way.s of repre.^ontin^ 
the public interest in education. 

In order that the speeches and papers recei\e \\ido distribution, a 
special booklet, "The Manaj^ement of Inforniution and Knowledge," ^""^ 
was published separately from the complete proceeding.. 

Other events of note occurrin*r on Capitol Hill during the 1069-1970 
time framework included: 

Passage of the National Center for Media and Materials for the 
Handicapped Act (P.L. 01-61) authori^in^r the rrcation of a media 
and materials center utilizing various technologies. 

Passage of P.L. 01-230, an Act "to extend programs of a.ssistance 
for elenientarv and secondary education, and fur other jiurpose.^." This 
amended the Elenientarv and Secondarv Education Act of 1065 (P.L. 
88-204). 

Passage of an act to establish a National romniission on I^ihraries 
and Information Science (P.L. 01-345). 

Issuance by the General Subcommittee on Education of the House 
Committee on Education and Labor of "A Com})entlium of Policy 
Papers" on the needs of elementary and secondary education for the 
seventies. 

Heannffs to EHtahJish a National Imtltxitc of E'Jnaition {92n<! Con- 

The initial effort in the 92nd Congress to explore the potential of 
information technology' in education transpinnl during a .serie.s of 
hearings, organized and conducted during early 1071 by the Select 
Subcommittee on Education of the Hou.se Conimittee oii Education 
and Labor.'°2 Qnce again the leadership in this area was provided by 
Repi^esentative John Brademas, Chairman of the Select Subcomit- 



101 ihi^j 

U S, Concresa House. Cornmlttfe on Kducatlon nnd I.obor Rplect Subcommittee on 
Kducatlun To Khtabllsh n Natiorifll Institute of Eiluc/itlon. Ilcirln^rs. f»2n(J Conj;r(»ks. Ist 
he«8lon. on II K. ."^a ant! other related hills. Held Feh and Mar. 1071. Washington. US. 
Govt. Print. Off.. 705 p. 
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tee, who presided over eight days of hearings held in Washington, D.C., 
New York, and CliicaofO. Rcfei*enced legislation included H.R. 33, 
H.R. 3606, and other related bills dealing with the establishment of a 
National Institute of Education. 

In considering the proposed legislation which would create a Na- 
tional Institute of Education (NIE), its role in undertaking and sup- 
l>orting research and development, including innovation in education, 
was examined. Furthermore, the Select Subcommittee deemed it im- 
portant to rev iew the projected National Foundation for Higher Edu- 
cation and any possible duplication of suggested NIE efforts. In his 
opening remar ks. Representative Brademas noted that "the introduc- 
tion of this legislation and its support by the administration represent 
a si^iificant, a substantial commitment on the part of the Nixon ad- 
ministration to bupport research in education/' He also mentioned thr.t 
the final results of a study commissioned by the U.S. Office of Educa- 
tion, to bo performed by Roger Levien of the RAND Corp.,**^^ would 
soon offer recommendations concerning the structure of the institute. 

Among the witnesses appearing during these sessions were: 

Daniel P. Moynihan, Professor of Education and Urban Politics, 
nar\ai'd University — commented upon the absence of adequate 
theories on the nature of human learning, and in dialogue with the 
I'ongressional panel talked about examples of on-going research. 

Dr. James J. Galla<rher, Director, Frank Porter Graham Child De- 
\cIopnient ('enter. University of North Carolina — su^rgested the utili- 
ziitiun of pri\ ate comniunications resources to fulfill the need for "sys- 
tematic channels of communication involving personal contact;" 

Previous liniite<l efforts of transmitting new programs have 
been tried through such things as establishing demonstration 
centers, the design of special centei^ such as special educa- 
tional materials network for handicapped, establishment of 
regional educational labs. 

It was his opinion that "we have not come to grips with the issue of 
communication itself," and that the National Center for Educational 
Communication was not sufficiently funded. 

Dr, Anthony G. Oettinger, Professor of Linguistics and Gordon 
AfcKay, Professor of A]>pliod Mathematics, Harvard University— a 
previou.^ contributor to congressional understanding of this often in- 
volved Avvix. Dr. Oettinger spoke of a "major gap'' between the labora- 
tf>ry and the eonsuruer, and tlu» lack of "mechanisms for translating re- 
^^earrh re^lllts into effective use, ^or translating the statement of a need 
into ih njaiul, sim e those are not nexiessarily the same thing." He con- 
tinue d, addressing the issues of "comjmtibility and property rights," 
and eertain lU-.pe^ tr, of educational technology — books, computers, vide- 
otiipos. ca.ssettes: 

Ijeft to its own devices, w^hat industry has produced and is 
prrxhicin*; are the materials that are unreliable, incompatible 
with one another, putting an enormous burden, both financial 
and intellectuah on would-be users of these products. 



^« Levien. Kuger E The Emprdnjr technology InBtructlonal uses of the computer lu 
higher education New York, McGraw HUI, 1972. 585 p. 
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A coiitribuk-d paper of especial value was one by Kenneth Konioski, 
entitled •"Kealizing the lliidical KLlatednciss of Technology and Edu- 
cation." in which he described the relationship betweon technology 
and education as a ••d\namic interaction between two extremely potent 
forces/' Two btatements stand out in this treatise, which is reproduced 
in full as Ap[)endix 6 : 

* * * what is urgently needed (if we arecver tocoMiprehend 
luodern technology and it^ relationship to niodcrn education) 
. J undertake a fresh approach to the definition of technol- 
ogy built upon that which isrnosi basic to till extant technol- 
ogies — whether they be mechanical, electro-mechanical, elec- 
tronic, biological or behavioral. 

* * * TecKixoJo^y^ it would secm^ is the sum total of these 
tfcdvitits which, in the aggregate^ enable man to carry out at- 
modt any imaginable nwjiipulation or vwdiflcation of his ex- 
ternal (material) or internal (behavioral) environments. 

Hearings on Deportments of Labot and Healthy luhuation. and ir<7- 
i>t/t auti lit hit id Agcneiis A ppropriation,s for Fiscal Yiar 1973 
{ifJnd (^ongress) 

During 1972, the Siibcoiiiinitt4.'L' of tln» StMiate Coniiiiitt^c pn Appro- 
priation^, l iiaircd by Senator AVanen G. Magiiu.son, held a si'i ies of 
hearings on JI.R, ir>[17, an Act making appropriations for the De- 
partnient.s of Laboi and Health, Education, and Wclfaiv juid related 
agencies, for the fiscal ye^ir ending June *]0, 197'i.**''" This ovoi-siglit 
i'tfort eon^iikTLHl. Inttr alia, rcnucst.^ for the Ollicc of Educution and 
related agencies, special Lducational institution,s. and the Cuipoiation 
for Public Broadcasting. 

Both during the prepared statement and oral tastimon\ of Dr. Don 
Davies, the Deputv Commissioner for Renewal, Oflice of Edm ation, 
the need for an ineieiise in fiiiuling to expand the lole of ctlui iitional 
technology was .-tressed. Dr. Davies placed this retjuireinent within a 
broader context, pointing out that: 

* * * teachers have to constantly upgrade their own skill 
and knowledge, and administrators and counselors , . . the 
hc?i*t of this educational renewal effort is to provide new 
skills, new knowledge, for the personnel in the schools. 

Scxin thereafter. Senator Xorri.^ Cotton expres.sed his interest in the 
ijiedia .specialists training j)rogram undei the Education Professions 
Develc ment Act (P.L. 90-3,")). and learned that this program was in- 
tegrat/xl into the new Center for Edueational Technology. A key ex- 
chap^,v between Senator Magiuison and the vsitne.ss concerning the 
hud</i^t lequi'st for this area reveals the scope and nature of the edu- 
cational technology program : 

Se7iator Magnuson. The bxidgt t estimatcH for .\ational Pri- 
ority Programs shaiv a $10jOOO/X)0 inercasc fot Educational 
Tichnology Dnnonst rat ions (from SJO million in fiscal year 

»o* To Kstabllsh a National Institute of Education, pp .346^,352 

I S tTonjrress Sona:e C^mmlft^o on Appropriations SiiboumnMtteo *>f the Committee 
n»*i»ftrtment5 of Ijibor. He.ilth. Ktlutatlon, ana Wrlfare and Uclatrd AKencle** Appropria- 
tions for Fiscal Year 1973. ^enrlnps. l*2d Congress, 2d session, held 1U72. Part 1, p 
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1972 to SJO 71x111 wn in fHCdl year 1973). This neio $10,000,000 
appears to be all going to a new program — special technol- 
ogy projects, (p. Ill), What ijs envisioned here? What kind 
of projects icould be funded with this SlOfiOOWO? 

Dr, Davies. The $30 million request for educational tech- 
nology will .support two existiiif^ programs at the 1972 levels, 
educational broadcasting faci]ities$13 million and Children's 
Television Workshop — million. The increase of $10 million 
is entirely for a now program of educational technology dem- 
onstrations. Of this amoimt $5.4 million will support the 
Rocky Mountain and Appalachian satellite demonstration 
projects. Sl.f) will provide support for the opei^ational devel- 
opment of a bilingual children's televisio > |>roieCt and $1 mil- 
ITon will continue a few projects started in fiscal year 1971 
and 197'2. The remaining $2.1 million will be used for such 
projects as computer assisted instruction, cable television, 
and trainin<r toivchers to use new technology projects. 

Senator .Vagnuson. What is the statutory authorisation for 
this program for fiscal year 1973? 

Dr. Davies. The Cooperative Research Act, as amended, 
which provides specific authority for demonstrations in edu- 
cation provides lo«:islative authority for these projects. Under 
the Senate pa.ssed version of the Higher Education Act, this 
authorization would be changed to the General Education 
Provi.sions Act. 

LatA»r in tlu» o\i'i-sight hearings,*^*^ the production and use of audio- 
\i.sual hardware and .software were discu.ssed, since, in the words of 
Jaiiuv^ Parton — Pre^sident of the Encyclopaedia Britannica Educa- 
tional Corporation — ''there is m insatiable interest at every school 
and college in increasing use of audiovisual materials." 

Another key witne.ss wa.s Dr Howard Hitchens, Executive Director 
of tlic Association for Educational Communications and Technology, 
an affiliate of the National Educational Absociation. After under- 
MToring the 1970 Coinmis^sion on Instructional Technology's definition 
of thii field— ''a .systematic way of designing, carrying out, and evalu- 
ating the total process of learning and teaching in terms of specific 
t>!;jectz\ based on research in human learning and communications, 
antl cnu>lo_\ intr a combination of human and non-himian resources to 
bring about more v fTcctive instruction'' — he cited several examples of 
how XDEA TIT support has been used : 

Norfolk, Va. — extensive Uidization of audiovisual equipment 
and mater i ah at Camp Allen Elementary, an "open school," for 
reading pro<rrams involving 930 students. 

Sf. Jos<*ph, Mo. — cassette recorders and multi-media reading 
proijrani^ foi renicdial work in reading and English, affecting at 
le^st ^,500 students. 

Texas — tape<l television news reports of President Nixon's trip 
to China were pla\ed on NDEA-furnished eipiipment for disad- 
vantaged students who did not have television at home. 



W '.a . VfiTt 7. p C538-6577 
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* Hearings <m Educational Technology {9Sd Congress) 

The Select Subcoiiunittee on Education of tlie House Committee on 
Education and' Labor, under the cliaimianship of Representative John 
Brademas, moved once again to consider the processes of technology 
in the educational realm through hearings convened in May, 1971 and 
September, 1972.*^^ Serving as a legislative point-of-reference was 
H.K. 4916, a bill "to improve educational quality througla the effective 
utilization of educational teclmology." 

Citing the complexities of employing such technology, Representa- 
tive Brademas observed that ; 

* * * technology is more than machines. Projectors, moni- 
tors, tape recordei*s and computers ; cable systems, microwave 
nets, dial access systems ana cassette systems — these are all 
the result of creative engineering. But technology is more 
than these. Technolo^ is all forms of applied knowledge, tnd 
thus it includes routmes, techniques ; and of course the con- 
tent or software transmitted through these new nicclianical 
and electronic devices is itself technology or applied 
knowledge. 

Then he spoke of the difficulties in ensuring the use of educational 
technology, as was experienced after the National Defense Education 
Act (P.L. 85-865), Title III, had provided for projectoi-s, video re- 
corders, and costly language laboratories which ended up unused, and 
"ignored by teacher, student, and administrator alike." The linkage 
with key lerislation calling for the establishment of a National In- 
stitute of Education (H.R. 33, et al.) which would serve as a "focal 
point in the Federal Government for the support and stimulation of 
research and development in education" also was noted. 

Inasmuch as there were repeated allusions to H.E. 4916, its state- 
ment of purpose deserves exposition : 



STATEMEKT OP PURPOSE 



Sec. 101. The purpose of tliis title is to improve the quality of 
preschool and elementary and secondary education tlu-ougli the 
effective utilization of educational technology by (1) encourag- 
ing significant applications of existing technology to prescliool 
programs and in elementary and secondary education, (2) the 
aevelopment and demonstration of technological innovations in 
education, (3) the expansion of the current general application 
of appropriate technolo^es and materials for instruction and 
learning, (4) strengthenmg the capabilities of teaching, admin- 
istrative, and ancillary staff in schools, (5) research into educa- 
tional technology, including statistical and information services, 
ajid (6) stren^hening the leadership resources of State educa- 
tional agencies in educational technology. 
Among its provisions were those establisKitig a Bureau of Educational 
Technology, a National Advisory Council on Educational Technology, 
and State Advisory Councils on Educational Technology. 

U S. Congress. House. Committee on Education ard Labor. Select Subcommittee on 
Education. ESducatlonal Technology. Hearings, 92d Congress, 2d session, on H.R. 4916. held 
May 5 and Sept. 13, 1972. Washington, U.S. Govt. Print. Off., 1972. 368 p. 
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Serving as a primary reference for the Select Committee at this 
time was the report by The Carnegie Commission on Higher Educa- 
tion, The tourth Rcvoliitl<yti: Instnwtional Techtiology m Hlghei^ 
I'M Wilt ion. RoloaMHl in mid- 1972, thi^>et of riH-ommemlHtionj. reflected 
a delerinmation to emphasize the role of technology in instruction both 
in the formal teaching-learning situation and when general informa- 
tion IS obtained as the result of -informal exposure to uiforniation and 
ideas." The ^'Cont^^nts'' of this report, along with selected sections— 
'^Major Themes juid Marginal Observations" and '^Reasonable Goals 
for Instructional Technok^^y''— are found in Appendix 7. 

All mtei-esting ficrm-e appeared in The Carnegie Commission study, 
which projects the use of electronic technology ahead to the year 
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FiofBE 6.— Projected use of electronic technology to the year 2000. 
Source . Staff of Tiie CarnepJe CommUsIon on lUpher Education 

Also treated were significant developments in other nations, specific- 
ally: 

• Sweden's Television-Radio University 

• Japan's University of the Air 

• Great Britain's Open Univei-sity 

• West Germany's extramural studies on the air 

Another area of emphasis in this study, featured in the section 
"The Penetration of the Xew Technology," wtus a look at how ex- 
tensively the various media are used for instrmtion. Kefercnce was 
made In a preliminary report on a study by Jarrod W. AVilcox of the 
AIIT Alfred P. Sloan School of Managc'menf, in which he defined 
nine tec lino lorries : 



The Fourth Resolution Instructional Technolopji In Hlpher Education. New York 
Mr-Graw Hin, 1072, p 2 A report commIsslone<I by The Carneple Commission on Higher 
Education. 

i<» Wllrox. Jnrrod A Survey Forecast of New Technology In Universities and CoUeges 
Cambridge, Mass . Massachusetts Institute of Technology, 1972. (Working paper.) 
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Routine axuUoviHual ta haujUi s The classroom use of filnii^, taped 
lectures shown on oloHHl-cirniit tvleM>ion or in libtening labora- 
tories, etc. 

Programmed insfm flonn The student uses a te.st or simple sup- 
plementary device which employs step-by-step feedback rein- 
forcement te('hni([ue> to proirre^s throu«rh se(|ui'ntiiillv ordered, 
structured material. Examples are programmed texts and self- 
study language audiotapes. 

Routine computer-assisted imtruction The computer is used in 
the instructional process for either computerized piogranuned 
instruction or for drill and practice exercisos. 

Computer simulation The computer is used in exercises involv- 
ing student investigation of the properties of a "pseudo-reality" 
generated by a model of the phenomenon under study. 

Advaricea computer-assisted instiniction The computer is used 
in a flexible, individualized way to support student exi)loration of 
a well-defined body of knowledge; this may include Socratic dia- 
logue, tutorial exercises, and the ability to answer at least some 
unforeseen student questions. 

Computer-managed instruction Measures of the student's per- 
formance are monitored and analyzed by the computer; based on 
this the computer provides aid or direction to the student or 
teacher as to the most suitable packet of instructional material, 
such as film, programmed instruction, or live teacher, to be used 
next. 

Remote clasnroam hroaclcasting and response Tlie use of remote 
television broadcasting from a central location to dispersed class- 
rooms, with at least audio-live response or questions from the 
students. 

Student-initi/ited access to audiovisual recordings The use of 
audiovisual recordings in a technological enviroimient sufficiently 
inexpensive and easy to use to allow individual student-initiated 
access to recoi'ded lectures or demonstration material. 

Computer-aided course design The use of computers to record 
and analyze student responses to instructional packets in com- 
puter-assisted and computer-managed instruction in order to pro- 
vide information for the design of improvements in the instruc- 
tional material. 

One facet of the AfTT studv involved having 90 technologists who had 
participated in various national conferences on educational technology 
and 152 faculty members '"representing a bi'oad national cross hc-ction 
► of views" predict when these nine basic tecl. ologies would be in 

*-routnio use." Figure 7 contains this matrix of projections: 

Mention was made in The Carnegie Commission report that in 1968 
Conjrress had enacted a series of amendments to th(» Higher Education 
Facilities Act of 1963 (P.L. 88-204), which included legislation creat- 
ing a "Networks for Knowledge:" 

• * * * a plan to encourage rolleges and universities to 
share, through cooperative arrangements, their technical and 
otiier educational and administrative facilities and resources. 



Instructional Tectjology In Higher Education, p. 39. 
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FIGURE 7 

MATRIX OF PREOICTEO USE OF 9 BASIC TECHNOLOGIES 

(Faculty mMR pr^dicttons of availibiiity and routine underiradiate and f raduatt ust, and ttchitoiofittt' mtan pradtctlons 
of routint use of nine basic tecnnoloiits) 
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Source: Wtlcoi, 1972. 

Included in this wide-ranging mandate would be: 

• joint uses of classrooms, libraries, laboratories, books, 
materials, or equipment ; 

• access to specialized library collections throu^jh interin- 
stitiitional catalogs and suitable media for electronic or other 
rapid transmissiori facilities; and 

• establishment and joint operation of electronic computer 
networks and programs. 

Funds for this authorization were never appropriated. 

A topic often alluded to throughout the various hearin^rs and studies 
of the 1970 decade received special treatment in "The Fourth Revo- 
lution the impact on faculty of the new technolog>\ Four "new roles'' 
were described : the teacher^ the instructional technologist, the media 
technologist, and the information specialist. These professionals, along 
with teaching assistants, were seen as fulfilling the key assignments 
related to the integration of diverse technologies into the instructional 
milieu. 

Various witnesses, during the course of both hearings, gave briefings, 
and slide and film projsentations on the contributions to education of 
audiovisual aids, videodiscs, cartridge TV, and other videotape 
systems. 

^ At thb outset of the second hearing (in 1972), Representative Orval 
Hansen summarized the two simultaneous problems which the Ignited 
States faces in education even today : 

One, how to make the educational dollar more productive; 
and, two, how to provide high qualitj education in every 
school. To solve these we need to investigate every promising 
development in educational technology. 

His bill, H.R. 16572, would establish a Council on Educational Tech- 
nology in the Department of Health, Education, and Welfare which 
would be empowered to: 

(1) develop prexjise descriptions of educators' needs with re- 
gard to educational technology; 
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(2) assess the quantity and quality of use of various types of 
technology in educational settings, including educational consumer 
reactions and evaluation of this technology ; 

(3) encourage and support the testing and assessment of tech- 
nological equipment being marketed for educational purposes and 
the publication and dissemination of test results; 

(4) encourage and support the development of prototype models 
of technological equipment designed to meet specific educational 
needs when these needs are not met by existing technological equip- 
ment on the market and encourage the use of free license arrange- 
ments to stimulate more widespread availability of common for- 
mat equipment ; 

(5) where indicated after thorough study, develop specifications 
for common formats to assure compatibility, reliability, and dura- 
bility for various types of technological equii^ment for educational 
use, and continually review these specifications based on assess- 
ment of the use and effectiveness of tne equipment. Where deemed 
necessary, adherence to the specifications may be made a condition 
of the expenditure of Federal funds for education-use equipment. 

(6) make an annual report to the Congress and such other 
reports as it deems appropriate, on its findings, recommendations, 
and activities with respect to sections 2 and 3 including, as appro- 
priate, an assessment of the creation oi high quality program 
materials, evaluation of the supply anql demand of specialized 
personnel for the design and implementation of effective media- 
based instructional materials, and other specialized concerns, 
which, in the opinion of the Council, are of importance to the 
effective development of an improved and expanded learning 
system. ' 

(7) consult with such Federal and non-Federal advisory coun* 
cils, coinmittees, and professional associations, as may have in- 
fortnation and competence to assist the Council. All Federal 
agencies are directed to cooperate with the Council in assisting 
it in carrying out its functions. 

Studies relevant to this area which were included or mentioned in 
The Carnegie Commission Report: 

"Reappraisal of the Education Technology Industry,'' proceedings 
of a conference held November 16-18, 1969 at the Center for Continu- 
in^Education^ Univer ity of Chicago. 

The Emerging Technology^ by Roger E. Levien of the RAND Cor- 
poration, to be published by McGraw-Hill in 1972 as part of The Car- 
n^e Commission on Higher Education series. 

"Will Information Technologies Help Learning?" by Anthony G. 
Oettinger with Nikki Zapol, to be published in a Carnegie Commis- 
sion volume in 1972 on the undergraduate curriculum. 

The pace of legislative exploration quickened perceptibly in the 
1971-1972 period, as the record indicates. In addition to tne aforemen- 
tioned major activities, there were other achievements meritmg 
attention : 

Passage of the Emergency School Aid Act (P.L, 92-318, Title VII), 
which authorized the development and use of ne curricula and in- 
structional methods, including the acquisition ot any instructional 
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materials and technologies, for use by all children regardless of race, 
color, or economic standing. 

Passage of the Rural Development Act of 1972 (P.L. 92-419, Title 
V) , with a multiple purpose : 

(a) to provide niultistate regional agencies. States, counties, 
cities, multicounty planning and development of districts, 
businesses, industries, organizations, Indian tribes on Federal 
and State reservations or other federally recognized Indian 
tribal groups, and others involved with public services and 
investments in rural areas or that provide or may provide em- 
ployment in these areas the best avuilable scientific, technical, 
economic, organizational, environmental, and management in- 
formation and knowledge useful to them, and to assist and en- 
courage them in the interpretation and application of this 
information to practical problems and needs in rural 
development; 

(b) to provide research and investigations in all fields that 
have as their purpose the development of useful knowledge 
and information to assist those planning, carrying out, man- 
^gii^gj or investing in facilities, services, businesses, or other 
enterprises, public and private, that may contribute to rural 
development; 

(c) to enhance the capabilities of colleges and universities 
to nerform the vital public service roles of research, transfer, 
and practical application of knowledge in support of rural 
development; 

(d) to expand research on innovative approaches to small 
farm management and technology and extend training and 
technical assistance to small farmei^ so that they may fully 
utilize the best available knowledge on sound economic ap- 
proaches to small farm operations. 

Issuance by the Subcommittee on Science, Research, and Develop- 
ment of the House Committee on Science and Astronautics of the 
committ<?e print containing selected references on "New Technology 
in Education." wliich was prepared in 1971 by the Education and 
Public Welfare Division of the Congressional Research Service, Li- 
brary of Congress. 

Hearings on Educatian for the Handicapped, 1973 {93rd Congress) 
Early in 1973, hearings were held by the Subcommittee on Handi- 
capped of the Senate Committee on Labor and Public Welfare."^ 
Senator Jennings Randolph, the Subcommittee chairman, pi*esided 
over the three days of hearings which focused on a series of bills con- 
cerned with aid to handicapped citizens : 

S. 896, the Education of the Handicapped Amendments of 1973 

S. 6, the Education for All Handicapped Children Act 

S. 34. the Autistic Children Research Act 

S. 808, the Screen ng for learning Disabilities Act 

y S ConRress. Senate Committee on I^ahor and Public Welfare. Subcommittee on 
ilandlrapped Education for the Handicapped. 1973 Heailn(r8. 93rd ConRTPss Ist session, 
held Mar. 20. 21. 23. on S. 896. Washington. U.S. Govt. Print. Off., 1973. 694 p 
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Anion*! those testifying to the ciiticality of this area was Dr. John 
I5elland. Director o' the National Center on Media and Materials at 
The Ohio State University, who identified several initiatives taken by 
ilu:^ new organization : 

* * * providing technical assistance to various projects 
and progranis funded by the Bureau of Education for the 
Handicapped. 

* * * begun discussions with two research and develop- 
ment projects funded by the Bureau of Education for the 
Handicapped to help them with media production tasks. 

* * * working to develop an efficient, straightforwai^d sys- 
tem for moving products pmduced under Government fund- 
ing into commercial distribution, working very closely with 
Hl^l^publishers alert. 

*Wr^ beginning work on facilitating the processing of 
data-gathering forms clearance as required by the Office of 
Management and Budget, so that data can be gathered effec- 
tively ao we attempt to assess the instructional materials 
need!^ of handicapped learnei*s and field test instructional 
materials to insure their validity and effectiveness. 

* * * assumption of the leadership stance mandated by 
Public I^jiw 91 230 I Amendments to the Elementary and Sec- 
ondary Education Act of 1965] . . . [and] have begun an 
' important project of determining the educational technolog}" 

needs of handicapped learners, their teachers, and parents. 

* * * leading a consortium of special education instruc- 
tional materials centei^s and regional media centers for deaf 
personnel in designing an overall strategy' for materials de- 
velopment and in sotting priorities on the development of 
these material^. This includes setting standards and estab- 
h^hing pro<*edure,^> acceptable for the field testing of products. 

^ * * coordinating and synthesizing the activities leading 
toward the development of the national information system 
for instructional materials and a national delivery system 
for instructional materials. 

Dr. Belland then urged ''long term Federal suppoil'' since the market 
foi dcvelopei^s ot materials for the handicapped is not large. The over- 
all i>tnitcg}' of a coordinated effort in this neld was reflected in these 
words : 

In summary, it is important that the National Center on 
Educational 5ledia and Materials for the Handicapped, the 
Special Education Instructional Matx^rials Centers, the Re- 
gional Media Centers ' the D'^af. and the Regional Re- 
source Centers work together to facilitate the development 
of an appropriately designed instructional program for every 
handicapped child. Educational technology seems to provide 
a vehicle for this design effort; yet the level of sophistication 
that ha> been achieved in educalional technology for general 
education only scratches the surface of the problems of the 
precision design required for each handicapped learner. The 
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field is presently using materials designed for the ordinary 
learner, with some relatively crude adaptations by the teacher. 
It is also trying to •jmploy materials which have had no sys- 
tematic field test on the general population, much less on the 
population of concern. Thus, the state of the art of educational 
technology needs advancing as it makes a concerted effort to 
deliver appropriate instructional materials for the handi- 
capped learner. 

The commentary of Dr. Edwa ' Palmer, Research Director for the 
Children's TV Workshop, led the Subcommittee to another facet of 
the topic : 

We felt, and continue to feel, that the learning process for 
handicapped children and normal children is essentially the 
same, and that the same learning principles apply to both 
handicapped and normal children. Our television programs, 
^'Sesame Street" and "The Electric Company", have been 
designed to take advantage of what psychologists have 
learned about education and instruction. The intellectual 
process is important when you are dealing with normal chil- 
dren, but is especially so when you are dealing wita handi- 
capped children. 

* ♦ ♦ many handicapped children who are lioniebound or 
who live a good part of their lives in wards and in special 
institutions and are oftentimes inactive not by choice, but by 
circumstances of birth, have ^^n opportunity to find on the 
television screen materials to help them learn concepts that 
are important to their development, to their later schooling, 
and we are encouraged that we have had an opportunity 
throu^jrh the development of "Sesame Street" and "The Elec- 
tric Company" to make a contribution to the learning and the 
welfare and perhaps the delight and occasional joy of these 
children. 

And in a philosophical and perhaps ^.rescient vein, the witness quoted 
E. B. White who had said that : 

I believe television is going to be the test of the modern 
world, and that in this new opportunity to see beyond the 
range of our vision, we shall discover either a new or unbear- 
able disturbance of tlie (joneral peace or a saving radiance 
in the sky. We will stiind or fall by television, and of that I 
am quite sure. 

Dr. Patrick Suppes, Director of the Institute for Mathematical 
Studies in the Social Studies at Stanford University, commenced his 
oral testimony by describing a multi-v?ar program conducted under 
the sponsorship of the Bureau of the Handicapped; its focus was the 
application of CAI techniques for deaf students : 

The students use teletypes, they look like a teletype or type- 
writer to the student, of course, and these are connected by 
telephone lines to our central computer at Stanford. We have 
been bringing elementary mathematics and language arts to 
elementary school students in California, Texas, Oklahoma, 
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Florida, and here on the Gallaudet College campus in Wash- 
ington. These connections are made by long-lme telephone 
connections to the various schools, I think there are several 
things to remark on. 

One is that in the case of deaf children especially there ^ 
is a problem of giving those younff students an appropriate 
and adequate amount of continual interactive communica- 
tion. One of the main deficits i deaf children is the absence 
of the kind of continual communication bv means of lan- 
guage that ordinary students have. One of the things one 
can do with interactive computer terminals is to give them 
the opportunity to increase their interaction and at the same 
time to develop their basic skills, I should emphasize that 
our work has oeen concerned with basic academic skills, so 
when we talk about jobs, vocational training, later careers 
for handicapped youngsters— the first task is to bring them 
up to some reasonable level in basic academic skills, reading, 
writing and arithmetic in the classical terms or as we put it 
today, mathematics, reading and language arts. 

Following a dialogue about the actual student functioning at a special 
keyboard involving Senator Harrison A. Williams and Dr. Suppes, 
attention was then turned to the experience of Dr. Kenneth Cross, 
Research Coordinator for the Research and Development Complex, 
State University College in Buffalo. He explained that the college 
is a part of the National Special Education Instructional Materials 
Center Network, and is also concerned with the National Media Center ; 

Our major contribution as a center has been the develop- 
ment of computer based resource units. These resource units 
are very different from the kind of computei application 
Dr. Suppes was describing, in that the student does not sit 
at a terminal and interact with a computer; rather in our 
operation, the teacher and student select learning objectives, 
and enter our system to find out what instructional materials 
and instructional activities will best help to meet the objec- 
tives of the teacher and student. 

Our system is based on the notion that every learner, 
whether he is an individual with special learning problems or 
not, has in essence a need foe individualized training or, 
almost literally, specialized education. Typically we ask a 
teacher to select five learning objectives for a class as a whole 
and two learning objectives for each student within the <!lass, 
and then we try to provide the teacher with a wide range of 
activities and materials that are appropriate to the child's 
chronological age, mental age, learning handicaps, if he has 
any, interests, and learning level. 

He then offered an insight into the ways in v/hich the computer based 
resource units had been utilized thus far, the involvement of agencies 
below the Federal level, and the benefits to ^^eachers and students 
alike: 

The Network established a communications and training 
link to teachers, and made it possible to stimulate the concept 
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on a widespread basis. Once the potential of the units had been 
demonstrated through the Netn'ork, a considerable number of 
State and local agencies became interested in supporting the 
concept 

State support accomi)li:jhed the computerization of the 
entire New York State drug and health program, as well as 
curriculum guides in a wide variety of other target areas: 
Science, mathematics, environmental education, career educa- 
tion. In shoi-t, the investment made at the Federal level was 
far exceeded by the contributions of the State and local 
levels. 

Sonie of the research related to computer based resource 
units IS most favorable both in terms of improving teacher 
skill and learning. Experimental Research indicates that 
teachers using these units become much more sensitive to the 
needs and abilities of their students and tended to modify 
their programs and procedures accordingly. 

* * * computer based resource units rervosent only one of a 
wide variety of information centers th^t we ^ee as essential. 
Dr. Suppes' system for working with students directly is 
very necessary. Other systems, too, those for insunce which 
provide research or access to research abstracts, those provid- 
ing information about where specific materials can be found 
so they can be put into use, and those providing information 
about the comparative values of one method of material over 
others are just a few of the kinds of information that are 
needed. 

\rost of the components for a total information system 
already exist in one form or another, and the job ahead seems 
to be to amalgamate these into an overall system. 

It should be noted that the full t>ext of a major study in this area 
was made part of the hearings documentation : '^Computer- Assisted 
Instruction for Dispersed Populations: Svstem Cost Models'' by John 
Hall and Dean J.imison of the Stanfoi-d tJniversity faculty."^ 

Other events of note during the 1973-1974 period, involving the 
Congress: ^ ^ 

Passage of the Education An^endments of 1974 (P.L 93-380), 
which included the provisions that "(1) the Commissioner of the 
Office of Education is empowered to use, at his discretion, certain 
funds for educational television; and (2) the Office of Library and 
Learning Resources is created to administer all funding and ove;-sight 
of those technologies used for instruLtional purposes." 

Passage of the mite House Conference on Library and Informa- 
tion Services Act (P.L. 93-568) , which included phraseology that "new 
ac» lovements in technoloc:y offer a potential for enabling libraries and 
information centers [includinc: educational institutions] to serve the 
public more fully, expeditious) v, and economically." 

Demonstration of the PLATO'system during the hearinirs on Fed- 
eral inform ation systems, plans, and the development of advanced 

EducaUon for the Handicapped. 1973. p. 379-436. 
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information technologies held by the Subcommittee on Foreign Opera- 
tions ami Government Information of the Hoube Committee on Gov- 
ernment Operations (1973). 

Hearings on the Telecommuidcations Facilities and Demonstration 
. 1 ct of 1076 {OJfth Congress) 

In the first session of the D4th Congress, two days of hearings were 
held by the Subcommittee on Communications of the Plouse Comniittee 
on Intei-btate and Foreign Commerce."^ Under the chairmanshiu of 
Representative Torbert H. MacDonald, the legislative focal poiiic was 
H.R. 4565, a hill to ''extend the educational broadcasting facilities pro- 
gram and to provide authority for the support of demonstrations in 
telecomnmnications technolofries and for other purposes.*' 

The purpose of this legislation was stressed by Representative Mac- 
Donald in liis introductory remarks: 

This legislation has been submitted by the administration 
to extend the educational broadcast facilities program and to 
provide new authority for the support of demonstration 
projects in telecommunications for the distribution of health, 
education, and social service inforn^ation. 

An amplification of this statement was set forth in a letter from Cas- 
par H. Weinberger, Secititary for DHEW, to Carl Albert, Speaker of 
the U.S. House of RepresentativeSj which said in pait : 

This bill has two basic purposes. First, the Department's 
direct support for over-the-air educational radio and televi- 
sion broadcasting facilities would be extended for a five-year 
period Television broadcast coverage of thes<^ stations now 
exte*...^ to almost 78 peixient of the population, while radio 
coverage is approximately 65 percent; extension of the facili- 
ties program for this additional period would permit tlie 
Department of Health, Education, and Welfare essentially to 
satisfy the original goals of the program while phasing down 
its direct snpport for construction of broadcasting facilities. 
Moreover, because the number of public television stations in 
the country represents a nearly complete and mature system, 
and because increased broadcast coverage is achievable only at 
unacceptably high per-viewer costs as the 100 percent cover- 
age level is approached, the funding criteria for the broad- 
casting faciliticH program would be amended to emphasize (1) 
the strengthening of the capability of existing facilities, (2) 
adapting existing facilities to additional educational uses, and 
(3) extending educational broadcasting services, with due 
consideration to equitable coverage of all areas of the country. 

Secondly, the legislation would provide authority for a tele- 
communications piogram designed to demonstrate ways to 
meet the common needs of the health and education 
community. 

'"US. Concre^«. House. Commlttep on Intorstnto and Foreign Commerce. Subcommit- 
tee on Communications. Teloci^minunlcatlona PaclUtles and Demonstration Act of 1075 
HearlnRs. 94th Conpress. Ist .^^esslon. held June 4. 1975 on H R. 4 564. Washington. U.S. 
Govt. Print. Off.. 1975. 145 p. 
Ibid p 4 
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This legislation would provide a single broad authority in 
the Office of the Secretary to create the multi-user telecommu- 
nications services and facilities which will make it possible for 
health, education, and social service providers jointly to de- 
velop more efficient and economical means of meeting the 
nation *s needs. 

A Hve-year facilities program was outlined for the Subcommittee 
by Hartford N. Gunn, Jr., President, Public Broadcasting Service, 
which would "provide the delivery capabilities public television must 
have to fill the mandates laid down in the 1967 act'* (P.L. 90-129) ; 

The first element of the program is to reach in fact vs^ith a 
dependable signal the 80 percent of the population that our 
•254 existiiiir stations rcnch in theory. 

The second element in the program ... is to create a sys- 
tem in which there are genuine local service options so that 
each staticn can use national resources according to its own 
priorities and it can also produce prosrrams to meet the special 
needs of that community. 

The third element of the program is establishment of new 
stations wherever there is a population to support tl\em to 
reach an additional 10 percent of the population. 

In his pi-epared statement, Mr. Gunn elaborated upon the un.served 10 
percent, saying that "new technologies may be the link'' to fulfilling 
that third program objective. 

Typical of the possible demonstrations in using telecommunications 
technology is one described by Dr. Gordon A. Law, Director, Satellite 
Tochnoloiry Demonstrarion for the Federation of Rocky Mountain 
States. He told of the Federation's management and operation of a 
demonstration utilising NASA application technolog>- satellite, as 
well as ATS-3 and ATS-1, for the purpose of improviiW "the delivery 
of public services to the people of the Rocky Mountain States.*' A more 
complete account of this Satellite Technology Demonstration (STD) 
appears in Appendix 8. 

As a result of these hearings* and related congi-essional action, the 
Educational Broadcastin^r Facilities and Telecommunications Demon- 
station Act of 1976 (P.L. 94-309) came into existence. 

Other measures pa.ssed by the Congress? during 1975 and 1976 which 
co!>ceriied the role of technology in education included ; 

Passage of the Education f^r All Handicapped Children Act of 1975 
(P.L. 94-142), featuring a provision "for the establishment and opera- 
tion of centei-s on educational media and materials for the handi- 
capped, which together will provide a comprehensive program of 
activities to facilitate the use of new educational technology in educa- 
tion programs for handicapped persons." 

Passaire of the Education \mendments of 1976 ^'P.L. 94-482) which 
included sections dealing with "teacher centers" which may : 

(A) develop and produce curricula designed to meet the 
enucatioiial needs of the pei-sons in the community, area, or 
State being served, including the use of educational research 
findings or new or improved methods, practices, and tech- 
niques in the development of such curricula ; and 
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(B) provide training to improve the skills of teachers to 
enable such teachers to meet better the special educationnl 
needs of persons such teachers serve, and to fainiliarixe such 
teachers with developments in curriculum development and 
educational resea'-ch, including the manner in which the 
research can be used to imp'ovo their twiching skills. 

The overall purpose of this measure was to extend the Higher Educa- 
tion Act of 1905 (P.L. 81)-;VJi)) and the Vocational Education Act of 
1963 (P.L. 88-210). 

Hearing on Rural Telecommunications {96th Congress) 

The Subcommittee on Conununications of the Senate Connnittee on 
Connnerce, Science, and Transportation convened a oue-day hearing 
in 1977 to consider various aspects of rural telecommunications."* In 
particular, the Subcoimnittee sought to examine potential applications 
of telecommunications technology, including cable TV and broadband 
conmiunicatiouis, for ameliorating or solving rural communication and 
public service delivery needs. Senatoi Ernest F. Ilollings. the Subcom- 
mittee cliaii man, obser\ ed in opening the session that "the j)roblems of 
rural America often are unique and just as often have been over- 
looked . . . [and] that these rural areas frequency aie not provided 
basic .services that those of us living iu urban areas take for granted.'' 
Ho then noted that many i^commendations hid been forthcoming 
aboiit **substituting comnnmications for transportat'^u in the delivery 
of public .^ei vices (including iiealth, education, Vaw enforcement)," as 
well as various coumiei'cial uses buch as security systiMus and j)ay TV. 

A recent study by the Office of Technolo<ry A.*^^ ssment or. conununi- / 
cations and nn al America was cited by the Chnirnian. who ex- 
plained that its purpose \\as **to determine the fca.^ihilit\ and \alue of 
expeiimental cttorts to develop public .*^e!^ice fo* rural areas tlnough 
the use of broadband communications teclmiq^iie.*^.*' 

The first witne^>. William Trban. Supermteiulent of Blair High 
School (Blair, Wisconsin), described the migration of people into 
rural Wisconsin; these included: 

* * * people who are retiring early and are comin<r back. 
In other words, they are looking for a >econd occupation. 

* * * the back to Mother Xature movement. Young couples 
coining in who have lived hi the city all their life and all of a 
sudden want to live off the land. 

* * * people who leave the rural areas and their children 
are starting to grow up and they realize they do not want 
them to stay in a large metropolitan area. 

He then told of the Western Wisconsin Comnumicatloufe Cooperati\e 
and its two goals: **to bring broadband coinmunication.s into Trem- 
pealeau County and to utilize it by interconnecting the eight schools 
by a two-way system." The sponsoi-s sought Federal support under 

1" r S ConpreRK Sehat** Commlttof on rcminerce. Sclencp. and Trnii'NiMtrtfltloii Siil>- 
commlttt'e on CummuDicaUunN Hural Teiecummuiiicationti. Heflrln;;8, 95th Congress, Int 
•*»*«<hi(in. held S\*t. «. 1J)77 on Ovor«l>;ht of Kural TelecommuiilcntionH. Wa^hl'ictoii. T.S. 
Go\t Print. Off. 1977. 138 p. 

'^*rs Concress. Senate rummlttw* on rommerfp, Solonco. anil Traneportntion. Com- 
mi»nl(«rj«>nH and Rural .Xme-lra Connnittee Print, DSth coHKress. 1st hesblon. WashlnKtuii, 
U.S. Govt. Print. Off., 1977. 49 p 
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the Vocational Echioation Act of 1968 (P.L. 90-576) and the Rural 
Development Act of 1972 (P.L. 92-419). The witness told of many 
obstacles to receiving aid for demonstration projects, saying that a 
"tremendous amount of time and effort [were] lest." In written infor- 
mation subsequently submitted by Mr. Urban for inclusion in the hear- 
ings record, he enumerated contributions that cable TV does make or 
can make on the teaching and learning process. All are predicated on 
the fact that teaching and learning are essentially dependent upon 
effective communications :" 

(1) The sharing of resources among libraries, transmission 
of print resources via slow-scan and facsimile, recorded read- 
ing for the liomebound or blind. 

(2) Providing a vehicle for conveying to learning sia- 
tioiis — if desii-ed to many learning stations simultaneously — 
timely learning experiences in a variety of formats. These 
iiicludo mest^iges offei*ed verbally, on sound film, videotape, 
colorod slides, and similar media. The effectiveness of a 
inuhi-"nsor\ ixpproach to loaming has been well-established, 

(^) Providing for sclioois both a ^^deliveiy system" and a 
relrie\al \vst^»m for interviews with government official.s, city 
ailmihlstratoi^, visiting aitists and otlier noteworthy resource 
people with possibilities for instant *'live" transmission of 
their iiioa> or delayt'd (loli\erv of their taped remarks. To this 
i.s added the cnpaoity for student reaction with the person 
aprH?aring Ix'fore the camera rcijuiring a suilicient reservation 
of channels. 

(4) The availability oi CATV studies for school use pro- 
\ hh> i>|»jH)rtunities foi' exhibiting und sharing: performances 
in muMr, dranui, forensics. nnd other .school-based activities, 
not onh with fellow studeUiS but also with school patrons, 
rJie adult piiblir. Added motivation, the learning of produc- 
tion ttnliniques, and "pridf^ in accomplishment" are among 
tiio siimificant lH»neTit<. 

1 5) "Televised programs which may be captured on video- 
tftno and held for the instructionally opportune -moment, 
CATV t onnertions offer the *'n*».\il)ility" anu **rcpeat" advan- 
ia;rrs<o fre()nently need'nl in school situations. 

(6^ An iru im^e in communication skills to provide better 
undorHtanding of the mass medifu aici io slow learneiu stimu- 
lat'on for reading, and improvement of self-image are other 
j)otentinl I>ent fit<of televi^d instruction. 

(7) Expt ri*»nce< with C.\TV facilities which will offer par- 
ticipatinc -tuth nt^ certain optio.ts for career-dii*ection in a 
pre<lictal)]y vigorous Held of work. 
'* I fi) Ser\ ing a^ a (■<K)rdinating inflilonre between school and 
home. *Kli\erin(; important information regarding career- 
guidanre. m Ihk)! admin i.s{ rat ion and iTgidations, hcahJi <ind . 
safety prartire-^, anu ^ in rindum changes. 

(^) Availftbilitv of interconnections I)etween schools, uni- 
vi*r-ities, tirhnirai institution^, ai1 galleries, and other cduca- 
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tional environments to provide for sharing of talent and 
learning experience. Cost effectiveness advantages are 
obvious. 

(10) Serving as the principal vehicle (given two-way facili- 
ties) for the "Open University" concept of continuing 
education. 

(11) Expediting communications as increased demands on 
education re<iuire a larger variety of services making im- 
proved administrative communication imperative. Memos and 
meetings often result in serious delays in carrying out local 
programs. 

(12) Providing instruction for homebound or hospitalized 
students, service to computer terminals at school or at home, 
school data transmission, opf>ortunities for professional 
growth of staff — all are possibilities for CATV-assisted 
education. 

In other prepared testimony, offered by Dr. William J. Thaler, Acting 
Director, Office of Telecommunications Policy (Executive Office of 
tlio President), reference was made to the OTA report, "The Feasi- 
bility and Value of Broadband Communications in Rural Areas,'' 
and a subsequent conference (November 1976) concerning the poten- 
tial of telecommunications in rural America. Dr. Thaler contmued: 

The j^ap in availability of medical, educational, and local 
government services between urban and rural America is well 
recognized, and the possibilities of using telecommunications 
to upgrade rural social services have also been noted. There 
have been many such services conceptualized, and many have 
been tried in the fields of telemedicine, education (using audio 
or video feedback) an^ local government administratiou. 
Xovertheless tliere is no comprehensive body of knowledge on 
cosLs, acceptability of the service, improvement over conven- 
tional methods, or importance of the particular demographic 
settingon these variables. I submit, Mr. Chairman, that one of 
the most important considerations at the start should be to 
assure that any rural demonstration program we may con- 
template makes a positive contribution to the store of knowl- 
edge on these matters. 

Another commentary', presented in person befoi^c the Subcommitt43e 
by Dr. Alfred J. Eggers, Jr., Assistant Director for Research Appli- 
cation at the National Science Foundation, dealt with XSF support 
for ''applied social science research on nonentertainmeiit applications 
of teleromnn:nications technolog>\" such as projects in Spartanlnirg, 
S.C. and Readinfr, Pa. He noted that certain lessons had been learned 
by XSF as a result of these and related experiences : 

1. Engineering solutions can 1x5 achieved for almost any com- 
munications technology. 

2. Problems of organizing and aggiegating diverse service 
agencies and service deliverers are critical to the success of 
demonstration. 



»"US ConeresR Offlro of Technology AsseK^ment The Feasibility and Value of Broad 
band ConsTiunlcatlons In Rural Areos. Washington (Office of Technology Assessment). 
1076, various pagingB. 
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Finally, in developing and implementing demonstration proj- 
ects, very careful attention to matching actual service needs to 
possible technical solutions is well woith the investment of 
reso rces. 

Further insight into the Spartanburg project was provided by Dr. 
Bill Lucas, Senior Social Scientist for the RAND Corporation, who 
had served as RAND's coordinator for tlie two-way cable project: 

In Spartanburg we have used two-Ni-ay video to offer inserv- 
ice training in day-care centers. We have interconnected 
senior citizen centers to create programs to meet the particular 
needs of the elderly. Simple data terminals in the home have 
been used b^ parents tu take courses in early childhood de^ 
velopment m order to better take care of their children. 
Adults have used a home terminal to take a cable education 
course to prepare to take a state examination that certifies 
them as having a high school education. 

In every case, the participants have been satisfied with the 
({uality of the services. People have voted with their feet and, 
by staying through the programs, have shown the adequacy 
of bemg able to offer service over two-way cable. These serv- 
ices, by and large, can be generalized to other technologies. 

A nioi-e detailed description of the Spartanburg project has been 
selected for inclusion as Appendix 9. 

Hearinffs on Computers and the Learning Society {95th Congress) 

The most extensive hearings held in either house of Congress con- 
cerning the multifaceted impact of informa.ion technology on the 
field of education took place during 1977 at the insti^tion of the 
Subcommittee on Domestic and International Scientific Planning, 
Analysis and Cooperation of the House Committee on Science and 
Technology."^ Representative James H. Scheuer, the Subcommittee 
chairman, managed the six dayb of hearings. In his formal statement 
upon opening the hearings, he explained Iwth the motivation for and 
pattern of this series of sessions : 

The United States is a nation which has been characteris- 
tically noted for its reliance and faith in technological solu- 
tions to some of the world's most complex problems. Thus, a 
growing cadre of persons has developed who believe that 
technology- could, once a^ain, somehow oe used to address the 
perplexing problem of declining student performance. The 
sentiment runs: If we cnn put men on the moon, why can't 
technology be used to help Johnny learn to read and write? 

The pattern of inquiry followed in this study of *'Comput- 
ers and The Learning Society" has two basic themes. First, 
we will look at past promises and achievements in the field to 
see what has been needed and what has been delivered. Then, 
wo will discuss what developmentR in the area of computer 
technology- may lie ahead, how these developments mignt be 
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useful in the quest for better means for educating the public, 
and how the Federal Government mi^ht aid in the application 
of computers to the field of Education. In other words, the 
purpose of this inquiry will be to discern realistic solutions 
based on a critical assessment of our past successes and fail- 
ures in this area. 

Very briefly, the format of this oversight review will be as 
follows; 

Todav, the testimony will focus on an examination of the 
successful application of Computer-Managed Instruction iix 
a school district. It appears as if, iit^this particular district, 
a thorough analysis of project goals ^nd the utilization of an 
appropriate level of computer technology have resulted in the 
effective implementation of a computerized instructional sup- 
port system. 

On October 5, the review will focus oh thtee major com- 
puter-assisted instructional systems that have been developed 
over the past fifteen years and that are currently being com- 
mercially marketed. On October 12, testimony will 1^ con- 
cerned with the findings and direction of current research and 
development efforts, and on October 13, various Federal agen- 
cies will comment on and respond to the issues covered during 
the previous tliree days* ^ n the final day of this oversight 
ivview — October 18 — the role of computers in aiding the edu- 
cation of the handicapped will be examined. 

Yet another day of hearings (October 97) was held in order to obtain 
all of the testimony desirea by the Subcommittee. 

The first witness to discuss the application of Computer-Managed 
Instruction (CMI) in a school district was Dr. Gei-ald L. Freebome, 
Assistant Commissioner for Program Analysis and Evaluation from 
the New York State Education Department, who laid the groundwork 
for the Subcommittee's consideration of this topic: 

C.I.M.S., which is the acronym for the Comprehensive In- 
structional Management Sj^stem. has some unique chnracter- 
istics which I believe are important, and which go beyond 
the computer aspect. 

First of all, teachers in the district, in a cooperative work- 
ing relationship, developed instructional objectives for the 
entire district which arc being used hi district 18 by all the 
teachers. 

The second component of the system involves having teach- 
ers develop sug/?fested learning activities that can be used by 
all the teachers in the district. 

Another element is the comprehensive testing program 
which links in with the instructional objectives. As a result of 
having this information on a computer which maintains pro- 
gram records on the students, decisionmakers are able to re- 
ceive printouts to use for decisionmaking in terms of reallo- 
cating instructional resources, e.g., materials and teacher 
'time, working with grouping practices, et cetera. 
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A fairly kMi<!:tli\ ^li>^•u^^>l(>^l re^ranling funding alteniutives, by the 
Federal Government or local groups, or a coinbiiiation, involved Rep- 
resentative Dan Glickman and Irving Anker, Cliiinccllor of the New 
York City Public Schools and Board of Education, with the former 
asking this key question : 

Do you see the computer-managed instruction as the natural 
evolution of education, and is it affordable in terms of the 
massive costs of hardware and software that would be re- 
quired all over this country? 

Expanding upon Mr. Anker's affirmative re?ponse. Dr. Richard Vigil- 
ante, Director of the Office of Educational Statistics for New York 
('ity, explained the approach being t.akcn in using Instructional Sup- 
port Systems ; 

One of the main problems that have faced the instructional 
and innovative programs, particularly those that are com- 
puter data oriented, has been that the very maintenance of the 
mformation files has been separate from the existing processes 
in the school for adniinistrative data collection and record- 
keeping. I think that is the reason why when you try to evalu- 
ate the programs the information simply is not there, because 
the cost to accumulate and process the information specifi- 
cally for the evaluation of that program is prohibitive. What 
we are trying to do in New York City to support the manage- 
ment process w'^hin all the city schools is to institute within 
a 2-year period a citywide student data base combined witli an 
instructional management system support mechanism to sup- 
port a varictv of services, administrative recordkeeping, at- 
tendance, ana specific instructional services 

The mechanism for implementing this type of program earlier had 
been described by Mr. Anker, in his prepared statement, when ho dis- 
cussed the creation of a new Office for Instructional Manacement 
which would: 

* * * be capable of supporting school personnel in per- 
forming all essential functions associated with managing an 
educational system and achieving its objectives, including: 

1. The provision of support to classroom teachers for the 
management and delivery of classroom instruction; 

2. The provision of support to supervisors and superintend- 
ents for the 'management of instructional resources at the 
school building and district levels; 

o. The evaluation of elementary and secondary :ducational 
programs in terms of cost and effectiveness; 

4. The generation of information and reports for students, 
teachers, parents, school administrators, community oroups, 
and state and federal agencies ; 

5. The provision of administrative data processing services 
for student record keeping, attendance re[)nrting, scheduling 
and mark reporting required by individual schools. 

The final witness on this first day of hearings was Harvey Garner, 
Community Superintendent for School District 18, who' spoke of 
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the ii\pi*noiin' ^aiiunl tn their um* of ISS a,s a means for iniprovin<]: 
individualized inbtruction ; this inchided evidence of its cost-etfective- 
ness during the first year and furthi^r anticipated cost decreases. A 
description, provided by ]Mr. Garner, of the District IS experience, 
appears in Appendix 10. 

With Representative Stephen L. Xeal presiding, the second day of 
hearings (October 6) focused on **the major innovations of the past 
15 years in the field of computer assiste^l instruction,'' including the 
Computer Curriculum Corporation's drill and practice materials, the 
University of Illinois PLATO project, and the TICCIT project de- 
veloi>ed by Brigham Young XJnivei^ity and The MITRE Corporation. 

The leadoff witness was Dr. Alexander A. J. HolFman, Director, 
Computer Science Program at Texas Christian Uni\'ei'sity, who de- 
scribed himself as ''not a developer, manufacturer, or marketer of 
CAI systems." Ilis usage led him to raise certain questions and offer 
a definition : 

As a concept, computer-assisted instruction is very appeal- 
ing and exciting. The computer is in its finest hour — flashing 
messages or graphic displays back to smiling students. How- 
ever, as one listens to the presentations to follow one sliould 
attempt to balance between the 'inthiisiasm of the developers 
and practical questions that should be asked about any tech- 
nological innovation. 

'Vve have to identify what it is. How does it work? Is it 
effective? Is it reliable? Is it still experimental? Are the 
effects short or long term? Are there undesirable side effects? 
How much does it cost? How does it compare with other 
means of accomplishing the same job? Is it ea*sy to use? Will 
people accept and use U? Are tliere obstacles to ^Yidespread 
use? Will Government funding be required to develop it? 
Will it ever be conunercialized 1 T shall now attempt to put 
these questions into the context of CAI. 

• • • « * 

To me the term "computer-assisted instruction" refers to 
computer delivered systems in which information is pre- 
sented, questions are asked to detennine comprehension level 
of the information or there is drill and practice to improve 
the skill with the material, reinforciMuent to responses are 
provided immediately: that is. the user is informed iilx)ut the 
correctness of the responst-s. the user is ^ested. and the results 
are used to pace the stude* ^ toward either remedial or new 
material. The leiirning experience is self-contained via the 
student-machine interaction. It is a computer based learning 
systeiii that can ^)e used in teaching many subjects, as you will 
probably hear later. 

The basic elements jf any CAI system are curnculum ma- 
terials, stratepes of presentjition, computer systems, and 
terminals which the f:t"iidcuus use. 

The role of ccmmercial concer ns in supplying curricula in the fonn 
of CAI svstems was developed during the testimony of J. P. Martin 
Clinton, Vice President, Computer Curriculum Corporation : 
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I think tho best way to bring this forwaid is to describe a 
typical project which we might be supplying. 
I'hc school district is concerned about basic skills instruc- 
tion in mathematics and reading to cover 1,000 students in 
four schools. Eimds are available from a Federal source, 
specially targeted for improving grade levels in those sub- 
jects. Ihe constrahits are very import^int. The district wants 
to do something now. They have funds which are available 
for expenditure during this year, and they hope to produce 
measurable results between approximately 1 month from now 
and June 30, 1978. 

When you see these constraints, I think you can understand 
the idea of having a system with progran^s and materials 
which are ready for use immediately. 

It is not possible within the time constraints to establish a 
system where individual teachers are going to start the plan- 
ning and development of materials. What is needed is a set 
of materials which have been shown to be effective in similar 
districts nationwide and therefore which present to the cus- 
tomer district a reasonable chance of producing the results 
they need. 

Ihe cost is also very important. A typical district has 
approxin)ately $100 per child to spend on this project. This 
is an amount which is quite affordable and is within the range 
of available Federal funds. 

Other experiences were shared with the SubcouMuittee by Dr. Nelson 
David Crandall, ESSA Project Director in the Los Nietos School Dis- 
trict ( Whittier, Calif.) and Dr. Martin Montano, the Superintendent 
for that district. Their study, "An Analysis of the Impact of Com- 
puter Assisted Instruction on a Program Designed to Ameliorate the 
Effects V f Racial Isolation in the Los Nietos School District," was 
funded by the Department of Health, Education and AVelfare. 

The next witness was William C. Norris, Chairman of the Board 
md Chief Executive Officer for Control Data Corporation, who listed 
some of the PLATO system's salient features and advantages: 

It permits direct, creative and responsive dialogue, on a one- 
on-one basis between the instructor an'l the student, or on a 
one -on-many basis. 

Because the system can accept, react to, respond to and test the 
individual student input just as it comes from the c^udent, PLxYTO 
is uniquely powerful in teaching problem analysis. 

* * * the system is absoktely timelcbs in a testing and drill and 
practice mode. It can and does exercise students from kinder- 
garten to PhD level. 

Mr. Xorris told the Subcommittee that PLATO education is delivered 
in a numlei of ways: through learning centers, the sale or lease of 
terminals installed on the user s premises, or "the actual sale of a 
complete PLATO computer .system.'' An example of a program under- 
way, he said, was that designed to "get inner-city unemployed youth 
in the 16-25 age group into productive and rewar(Hni>: ]obs;" the 
pilot project was in St. ^aul. A .elated endeavor, reflecting the corpo- 
rate thrust in the secondary education area, was noted : 
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Wo have Imd four PLATO terminals installed in a Balti* 
more inner-city school for over 2 years, financed by Control 
Data. Results are pro\ in^j that course ofForin^^s can ha of high 
quality, and the lack of basic skills are lUuch more efficiency 
corrected. Equally important, we have found that economically 
and educationally disadvantaged students can be motivated 
to learn, can enjoy learning and reduce their absenteeism. 

The program is now being expanded to 28 terminals spread 
among four schools. Half the cost of the expanded program 
will be paid by the Baltimore School Board, which will 
assume the full cost next year. Meanwhile, Baltimore will be 
seeking State and Federal funds to purchase a PLATO 
system. • 

During his testimony, Mr. Xorris stressed the cost benefits of using 
PLATO, averring that for internal training within CDC, for exam- 
ple, the co&t to provide employee training via computer-babcd educa- 
tion (CBE) is -iess than 50 percent of the cost of traditional 
methods/' After describing other CDC PLATO projects, the witness 
mentioned two potential programs in the continuing education area: 

L * * * putting PLATO terminals in co-op learning cen- 
ters to teach their personnel in management and marketing 
and to deliver farm management courses to individual 
farmers. 

2. * * * feasible within the next 4 to 5 yeai-s— will be 
PLATO CBE terminals in the home. 

In response to a question by Dr, AVells of the Subcommittee staff 
regarding the '^pattern of Federal 11. & D. and trying to define appro- 
priate roles for various government agencies vis-a-vi& private con- 
cerns/' Mr. Norris stated : 

AVhat we are interested in really is the general model jy 
which, if the Federal Government is ^oing tc support research 
and development of this sort, what is the ultimate coupling 
mechanishi to the marketplace? 

Further commentary on PLATO then was furnished by Dr. Donald 
L. Bitzer, Director of the Computer Ba.sed Education Research Labo- 
ratory at the Univei^ity of Illinois (Urbana), and this was augmented 
by a 20-minute denion.^triition l)efore the hearing audience. Following 
this illustrative activity, possible model plans for CBE funding by 
the Federal Government were discussed, and additional understand- 
ing provided of the cooperative arrangement between CDC and the 
Fiiiversity of Illinois for PLATO distributive services. Ai)pendix 11 
features a narrative history of PLATO plus a description of its 
impact to date and identifi;''»Ie future implications. 

The final segment of thL-> hearing^ revolved around testimony by 
Dr. John Volk, Director of Engineering for the Educational Systems 
Group of the Ilazeltine Corporation, followed bv Dr. C. Victor Bun- 
dersoii, President of the World Institute for Computer Assisted 
Teachinfr, Inc., both of whom addressed the characteristics and serv- 
ices of the TICCIT (Time-shared, Interacti\t', Computer-Controlled 
Information Television) system. Hardware, software, and course- 
ware were described with several examples of the s\ item's utilization. 
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The history and major a.specLs of TICCIT are included as Appendix 
12. Tlie session ended witli a wide-ran^?ing discussion of the tradeoffs 
inherent in the use of such systems in the instructional environment. 
With Representative Scheuer once again presidin^]^^ tlie third hear- 
session (October 12) liad as its topic "Tlie Future: Research, 
Development, and Planning.*' The first witness was Dr. James C 
Kniery, President of EDFCOM ( Inter-Univei-sity Communications 
Council), who spoke of the dramatic improvements in electronic tech- 
nology, pointing out that : 

* * * in three decades in the computer field we have seen six 
orders of magnitude, six tenfold increases in computer power 
and we ai*e only just now beginning to sec som^ of the impacts 
that they might have. 

He proceeded to discuss the consequences of such technological 
developments: 

First of alh the .startling advances in electronic technology 
wiil permit very widespread diffusion of computer hardware. 
The computer here is a $600 item. That is representative of 
the way the teclinologv is going. When I firet got interest^'xl 
^ in computing some 20'years ago, the computer I started out 
with had a monthly rental of perhaps $;^.000 to $4,000. This 
$600 machine is more powerful in many ways than that 
machine was hack in those days. So we wdl see very wide- 
spread diffusion. Everybody who lias a need for a dedicated 
computer of that sort will'bc able to get acce.^s to one. The 
real problem will be the high cost of personnel to develop 
the system capable of using these .systems. There is some dan- 
ger in putting a lot of money into hardware and as a resuit 
adding to the total co.st in education because of the personnel 
cost to operate. This I think gives a very strong incentive to 
various mechanisms for sharing the .software and data bases 
necessary to take jjdvantage of tlie very low-cost hardware. 
^ Emery told about the network called EDUNET, '^vhich 
•serves #national market linking colleges and univei-sities so that they 
ran share computer resources." Later, in a dialogue with Representa- 
tive Scheuer and others ho explained that "person-to-per.^on interac- 
tion" is another ha^ic reason for having a networking arriingement ; 
in particular he cited teleconferencing and electronic mail systems. An 
example of the latter capability, discusser! subsequently, was NIMIS, 
which provides access to instructional material for handicapped chil- 
dren, but which might be expanded to include "access to specialized 
human resources.'' 

It <^honld be noted that in the formal .statement of Dr. Emery, a 
number of important policv i.ssnes were identified, all of which should 
bo dealt with at the Federal level : 

Funding research and development of educa* »nal technology. 
Funding the operational plia.^e of deliveiy .systr .ns. 
Review of Internal Revenue Service r^gulauons in order to 
encourage greater- sharing among tax-exempt educational 
institutions. 
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Review of Kedoral Communications Commission regulations in 
order to encourage electronic mail and similar communication 
services. 

Earl;y in his oral testimony, Dr. Seymour Papert, Director of the 
Artificial Intolh^jence Laboratory at MIT, stressed that "we are on 
the verge of a roaJ critical situation which I think deserves to be classi- 
fied as a national crisis." After warning that "there will be serious 
danger not only of a waste of an opportunity but also an aggravation 
of social problems within the United States and the U.S. position in 
t he international area," he narrowed his focus : 

What I would like to do is first of all to try to convey to you 
a sense of how the computer presence will be able not merely 
to assist or improve traditional institutions like schools in 
teaching traditional subjects but will radically change what 
w-e teach, where we learn it, and how we learn it. And to make 
the point I woiild like to set up some analogies to use as 
images. 

Represontativo Scheuer then talked about the Tailiire of students at 
all levels -to optimize their talents,'' and that the educational environ- 
ment- -in the elementary and secondary schools— is often "a sort of 
Death Valley:" Dr. Wells of the Subcommittee .staff had this query: 
Pr. Papert, you mentioned tlie virf lal absence of any .sig- 
nificant work in the .social sciences regarding the implications 
of some of the things that you see on the horrzon. How best do 
you see this being formulated, an approach being formulated? 
Does the comp.iter industry which is spearheading this have 
a responsibility to try to hook up with the social scientist or do 
the social scientists have to barge in and say w uat the hell is 
iroingon here? 

You mentioned .<=ome types of conditions now. Are you 
thinking of something along the lines of the Keiinodv- 
Johnsoa Commission on Automation Technoloffv in the 
Economy? ' 

Next to appear before the Sulx'ommitteo was Dr. John Seolv Brown 
of the Computer Science Divi^on at Bolt, Beranek & Xowman, Inc , 
whotold of otForts underway in his laboratorv— and that of Ira Gold- 
stein at .Mil— to provide ^Voinputers with an ability to understand 
|ho learner . . . hi^ .strengths and weaknesses as well as his .stvie of 
learning.'' This effort aimod at desiirning Intelligent Inr.tructional 
.Systems wa^ based, he said, on two central assumptions : 

• first, nipresenting true problem solving expertise within 
the computer, and 

• -econd, good diagno^t ic and niodeling capabilities of the 
particular students that the system is engaged with. 

.Vmong the prototy pe« he ment;,,.:ed was SOPHIE, wdiich : 

• * * presents the user with a simulated circuit to be fixed. 
The u-er can make any measurements he wishes, replace any 
parts. SOPHIE observes the^^e inea.suremcnts and emplovs *a 
deep understanding of electronics to decide whether a given 
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measurement is needed or a given part replacement justified. 
Its tutorial function is to discuss these observations with the 
novice technician. In essence, it is a troubleshooting consult- 
ant The student can explore the device with no possibility of 
harm, in a private settinp:. 

Also, he talked about computers in the home, and how "kids want to 
play these sexy games . . . maybe they want to learn how to program 
the machine so they can actually do something else with it." 

But what we're really missing is what I think of as a cogni- 
tive component that is on top of these games — a coach or a 
kibitzer, a kind of personalized tutor that can take the kid's 
enthusiasm about a particular educational ^ame and point out 
to him at critical times what he's doing right or wrong and 
what is e ' ^"^tionally or intellectually significant about the 
particular sutiation he is currentlv confronting. 

Very often if you put a kid in front of a computer and have 
him play a probability game or anything like this, you will 
find he fc^ts stuck pretty quickly. He zeroes in on a plateau of 
his skills. He doesn't see the real challensje anc^ that, in fact, 
the particular game situation he confronts is an illustration or 
instance of some abstract idea he has been taught in school. He 
has been taught abstract thinfjs, but he has seldom been pro- 
vided with a concrete realization of these abstract concepts. 

Dr. Brown s prepared statement contained useful information on "The 
History of Intelligent Ins^'ructional Sj*btems." 

Dr. Arthur W. Luehrmann, Associate Director, Lawrence Hall of 
Science at the University of California (Berkeley), encapsulated his 
testimony content in five sentences : 

1. The United States is the world leader in manufacturing 
microelectronic hardware. 

2. That technolog}* makes it possible today to deliver powerful 
personal computers to millions of individuals. 

3. The biggest single impediment to the further growth of this 
industry is the fact that the vast majority of Americans are 
uneducated in the use of a computer. 

4. To carry out the educational task ahead will require a sub- 
stantial investment in i-esearch, development, planning, and 
delivery. 

5. Tile private sector is not organized to make significant invest- 
ments in the education of the public. 

Dr. Lueh'-naann and the Chairman then discussed the several roles of 
the computer in the home — e.g., serving the elderly who are home- 
bound-~and how people find it satisfying to communicate in various 
ways. His discourse on learning to .use a computer centered on how 
individuals must "structure their thinking so that it tan be communi- 
cated to a computer/' and then he said : 

What tools docs a person usually use to think about a prob- 
lem? There arc ju.st a few — logic, mathematics, natural lan- 
guage (English in this country). One writes words about a 
problem. One may be able to express a problem as a set of 
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mathematical equations. One certainly uses logic. A computer 
program is yet another way of representing Okie's understand- 
ing of a problem. One can write the problem down as a set of 
procedures— go through this process and repeat it some num- 
ber of times; then do this process; then test to see if a certain 
variable has reached a certain value. If §o, go do this. If not, 
do that. 

The fourth day of hearings (October 13), presided over by Repre- 
sentative Robert S. Walker, featured presentation.s by representatives 
of various Federal Agencies concerned with funding research, develop- 
ment, and demonstrations in the subject field. The initial testifier was 
Dr. F. James Rutherford, Special Assistant to the Director of the 
National Science Foundation, who would appear as a witness during 
the October 1979 hearings before the House Subcommittee on Science, 
Research, and Technology. Dn Rutherford presented an overview of 
past and planned NSF programs and research efforts directed at the 
use of computers in science education and resource hnprovement 
projects. During an exchange with Representative Walker, he offered 
a personal view : 

* * * I suppose there is a danger in the use of any new 
technology in education. It would be more of a danger if 
educators were be:ter able to apply teclinology than in fact 
they are. But I think the point is well takeiu My own bias as 
an educator now is that in iho elementary school the com- 
puter's role in the school should be solely as a tool, not as an 
object of instruction. And if it can help children leani funda- 
mental thinking, logic, and use of numbers, how to express 
ideas, how to sort information, that is contributing basic 
education, and that is its role. 

The next witnesses were Dr. Arthur S. Molmed— who would also 
offer testimony during the 96th Congress hearings— and Dr. Thomas 
G. Sticht, both of the National Institute of Education. During their 
statements and discussion with the Subcommittee, they highlighted 
R&D activities at NIE regardiujg use of computers i" elementary u 
secondary education administration and teachi.ig, also, they cited the 
need for research to assess the implications of computer technology. 
Four specific activities comprised their agenda : 

(1) the evaluation of existh.g technologies for computer- 
managed education, computer-assisted instruction, and matli- 
eoi^^tics instruction; 

(2) exploratory- research and development of educational 
applications of the new, low-cost technologies; 

(3) research and development of softwjire to create a new 
generation of "smart" computers; and 

(4) studies on the impact of computers on the individual 
and society. 

Dr. Harold F. O'Xoil, Program Afanager for the Cvhernetics of 
Instructional Systems, Cybernetics Technology OfRco of the Defense 
Advanced Research Projects Agency, focused on the needs and plans 
for new computer-based educational syste;ns de\elopmcnt and evalu- 
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ation in the field of niilitary training. He told how R & D on computers 
in education and training had been concentrated in three areas: 

(1) reducing average training time through techniques 
which permit instruction to be individually tailored to a wide 
range of student aptitudes; 

(2) reducing the demand for ^^people involvement'' in the 
design, development, and operation of military instructional 
systems through computer support; and 

(3) providmg realistic job-related experience using rela- 
tively low-cost computer-based simulations as substitutes for 
high-C05,i operational systems. 

Among the systems used in the DARPA environment: a large-scale 
CAI system with a central computer and remote terminals (PLATO 
IV), a dual mini-computer CAI system (TICCIT), a multi-inini- 
coiiiputer CMI/CAI system witli a huge central computer (Ad- 
vanced Instructional System, AIS). Dr. O'Neil later suggested that 
an identifioble need in elementary and secondary education is for u 
series of **testbeds" each of which would : 

• servo as an iiistrumentiil facility to test ideas in a com- 
puter-based education, and 

• serve lus a center of excellence. 

A featured portion of his testimony described his agenc}'.^ experience 
with PLAlO IV, in which $4 million was invested, plus another 
$10 million provided by NSF. The evaluation data revealed: *-equal 
to or better performance and 40-percent time savings . . . Student 
and instructor attitudes were very positive." 

The final witness at this hearing was Dr. Glenn L. Bryan, Director 
of tne Psychological Science Division, Office of Naval Research, who 
described the mission of his division: **to create basic knowledge and 
undei-standing which will lead to new \\ay? and better ways to utilize 
equip and manage naval personnel of the future." After discussing 
various aspects of using computers in an instructional setting, Dr. 
Bryan reflected that: 

The passage of time, and hopefully some of the actions that 
we took back in the ear jy sixties have led to the development 
of u community that is much more conversant with each 
other, mucb more tolerant of each other's views, much more 
aware of the pot'^ntial contributions of the other disciplines. 
And I think we are in a far better situation now to develop 
better compute r-ba.sed instructional systems. 

My only plea is in our effort to get on with the exploitation 
of compulor-based systems and that we continue to try to 
locate ii.genious, creative p^^ople whose talents can be brought 
to bear on the problem. / 

The convei-sation then turned ti what constitutes a "computer revolu- 
tion/' and ' V hether the machines will save us." Dr. AVells ofTered 
a context for (his often- discussed occurrenr^* : 

Ten thousand year, ago, we developed agricultural science 
in a rudimentary fashion. Six tl^ousand years ago, roughly. 
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we (ieveloped lan^riiage and mathematical capabilities which 
l>ogan to transform society ^neatly. Only within the last 30ii 
years have we developed science in a modern sense. The world 
luis chan<red radically in the last 300 years, and in the past 
50 years binco tlien a large-scale intervention by Government 
m supporting re>earch and de\elopment has led to a lot of 
change in a real revolution sense. So I think that is the con- 
text m which we underfttaud the use of the word "revc.'ution'' 
here in that we ha\e lK»en riding the tides of the^e revohitions 
by and large rather than unJei-standing what is happening. 

On the fifth day of hearings (October 18), attention was turned 
by the Si:bcomniit*:ee to the role of computers in the educjition of 
the handicapped. Representative Scheuer, j)residing, ri'minded the 
partiripant.s that Congn'S.s was intere^sted in ''the cost-ciFcctivencbS 
of our methodologies and our modalities for dealing with kids with 
special educ^ition needs, especially handicapped children/' 

Fii-st to appear was Robert h. Herman, Associate Deputy Com- 
n*i^ioner, Bureau of Education for the Handicapped at DHEW, who 
wa^ accompanied by Dr. Fi^nk Withrow, Special As^^istant to the 
Deputy Commissioner of the Bureau. In his prepared statement, Mr. 
Herman stated that -'The use of ooinputeis will undoubtedly figmc 
heavily in obtaining an eijual educational opportunity for all handi- 
capped children." and he cited the aim of P.L. 94-142 (Education 
tor All Handicapped Children Act of 1975) to ensure ''a free appro- 
priate public education" for ever> child ''with a phy>sical or mental 
unpairipent/' He then talked about two specific uses for computers 
in the education of the handicapped; 

One is the use of computers to compensate for the handi- 
capping conditicm. Coniputor-gemM-ated speech, for example, 
can b(» UM*d b\ poi-sons who have a limited ability to -^)eak. 
Such M-^teru-, can be :utivated by either nmnual or oral out- 
put. Tile ivvcr-e of this e.vample would be the turniiigof jM'int 
inio -«peech to enable the blind to have access to the prxuted 
page. riu» tcrhnical problem.s of conversion of print to speech 
are Ic^^ difiicult than the transiormation of speech to print. 
***** 
Thv scconcl and nw.-t rapidly developing u.se of computers 
<he i ducaiion of handicap|"'d childrm i.scompi'N»r :i:5sisted 
m>tniction in regular .school programs. The computer can 
perform tw) mission.s. First it can be the patient, non- 
threatening instructor that con repeat over and over again 
for a child wi'Ii a learning j)roblem. It can provide a child 
who is limited in his cxpre.sMvc abilities new ways to express 
his ideas and thoughts. 

.V -cries of crjntract- in various area.-, weie descri^vd. including one 
with Crjillaudct College and the Computer Graphic Center of Ohio 
State rnuer-it \ in de\elop matei iais in thiee dimensions, \\hich could 
benefit deaf children, .\fter mentioning -uch devices as the Kurzweil 
R< adinir .Mii' hine an<l the i)pta<oh M^n.Mjr v reading machine for the 
blind, the witiu-.^ -ought to establish a context for considering this 
crucial area : 
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The ijoint of the matter is that as Congress has mandated in 
legislation the placement of the handicapped child with his 
normal peers wherever possible, at any opportunity possible, 
in the so-called least-restrictive environment, it becomes even 
more important that handicapped children be able to work at 
their own pace, to liave an opportunity to have material 
resented for them with their own ability to accept it, and to 
ave materials presented to them in a different degree, or in 
varying degree, of styles and modes. 

So we are very much interested in computer? and the use 
of computers in education for the handicapped, especially in 
the computer-assisted instruction area, ^\•here handicapped 
children, learning disabled children, as well as the broad 
range of mentally retarded and other kinds of children with 
difficulty in learning processes have an opportunity for this 
self-generated, self -paced process. 

In addition, we have used the computer to help train regu- 
lar and special teachers in the in-service and the pre-service 
training of teachers — teachers who are in schools where they 
do not normally come into contact with severely-handicapped 
youngsters, youngsters who are at the low incidence of handi- 
capping conditions. 

Also, computer-assisted instruction has been used to train 
teachers in-service at their home districts, where teachers are 
not close to a metropolitan area where the}' can easily come to 
an in-service training program, or spend a week or 2 waeks or 
a weekend with experts. 

Next to appear was Raymond C. Kurzweil, President of Kurz^veil 
Products, Inc., together witli Bhvry Unger, Executive Vice President 
for that firm. Along with rrionstratmg this device, "designed to 
convert printed material to spoken word speer^h,'' Mr. Kurzweil 
highlighted some of its functional characteristics : 

The machine is able to go back and repeat words or spell 
words out. 

* * * this new model will go up to 250 [words per minute]. 
Experiments with compressed speech show that people can 
understand it up to 250, 300 words a minute. 

You have to turn the pages yourself. 

The witnesses said that 12 machines currently were in use, with 35 
inore being constructed for placement over the next 10 months. Fund- 
ing was received from different Government and private agencies, and 
several settings chosen for situating the machine : public schools, offices, 
other professional milieu. A brief description of the Kurzweil device, 
taken from Mr. Kurz » ^il's formal stat-cnient, constitutes Figure 8 : 

Figure a— Description of the Kurzweil device 

The KurzweU Reading Machine converts ordinary printed materials, 
such as books, magazines, letters and reports into spoken English at ap- 
proximately 150 words per minute. The system reads most common styles 
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and sizes of type» handles many forms of print degradation, and thus 
allows blind and visually handicapped persons to read ordinary printed 
niateHal rapidly, with minimal training required, and without fatigue. 

The user operates the device by placing printed material face down on 
the glass plate which forms the top siirface of the scanning unit. He then 
presses the * Page" button on the control panel to activate the reading 
process. A specially designed seanninj: system we developed scans the 
page and tranjmits the ima»e in electronic form to an image enhancement 
system. This system, whiCi we designed and implemented in hardware, 
increases the contrast tound on the page and brings out particular fea- 
tures that improve the recognition process. The enhanced image, now in 
digital form, is transmitted to a small computer contained within the 
reading machine which contains unique programs we developed to sepa- 
rate the image into discrete character forms, recognize the letters on the 
page, group the letters into words, and compute the pronunciation of each 
word. Pronunciation is accomplished through the use of over a thousand 
linguistic rules plus two thousand exceptions to the rules stored in the 
computer's memory. Additionally, a stress contour over each sentence is 
computed by a set of syntactical rules. 

An important feature of the reading machine is its usci controls. 
For everyone, sighted or blind, reading is properly an active rather 
than a passive process; one re-reads interesting or difficult passages, 
pauses at unfamiliar words, skims the page to find material of par- 
ticular interest, and so on. The Kurzweil Reading Machine is operated 
by the user with a set of 38 keyboard-mounted buttons to allow the 
user to effortlessly make these choices. For example, the machine 
stores in its memory the last 300 characters that it has scanned, allow- 
ing the user to back up and hear words over again, have particular 
words spelled out, and other functions. 

Dr. Geoffrey Nelson and Mr. Vito Proscia, both vice presidents of 
Telesensory Systems, Inc. were then called to give testimony. The 
former provided key information on the Optacon device and the 
corporation which created it : 

TSI was incorporated in 1970 in Palo Alto to manufacture 
and distribute the Optacon, a print reading aid for the blind. 
The Optacon, which is an acronym for Optical TActilc CON- 
verter, was developed in eight years of research in the inte- 
grated circuit laboratory- of Stanford Jniversity, and at 
Stanford Research Institute. Using the latest developments 
in integrated circuit technology, the Optacon was made small 
enough to be completely portable and inexpensive enough to 
be individually owned. Word of TSI's Optacon spread quick- 
ly, and as a resnlt thei-e are now almost four thousand 
Optacons beincr used by blind people in over forty countries 
world-wide. TSI is now iticognized not only for its t^echno- 
logical expertise, but also for its ability to identify, educate, 
and support a very specific handicapped end user with a com- 
plex high-technology product, in a climate of limited fund- 
mg. Since TSI's modest beginning, the company has grown 
to a current level of cmnloyment of nearly 150 people with 
several product lines. Our present principal devices are 
sensory aids for the blind, but our general area of interest 
IS high-teclinolog>- aids for the handicapped. 
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Mr. Proscia, himself blind, then demonstrated the Speech-Plus Cal- 
culator, a ^'calculator that talks" and which had been modified to be 
used in the classroom by blind children. Its evolution had only been 
possible, it was explained, because of developments in the state of 
the art of microcomputers. 

In spite of existing Federal legislation, there are problems asso- 
ciated with Federal liovemment participation in the development of 
such equipment, and the varying interpretations by State departments 
of educational rehabilitation regarding its use. The witnesses in their 
prepared statement offered three recommendations in this regatd: 

Firsts the Rehabilitation Services Administration is cur- 
rently precluded by law from funding any activities, includ- 
ing development of devices of these types, to private indus- 
try. There is no such limitation in the educational legislation 
sector. Yet the Oltice of Management and Budget has re- 
cently expressed the Government's general policy of reliance 
on the private sector for needed goods and services. Tele- 
sensory Systems actively supports House Bills HR 7735 and 
7736 and Senate Bill 1905, ail of which remove this funding 
restriction from RSA legislation. 

SecoThdly^ it is essential, particularly in the educational 
and vocational aspects of such devices, that the Federal 
Government play a principal role in the dissemination 
process. Because of the limited market for such high-tech- 
nology products^ the prices to the handicapped consumer are 
unfortunately higher than any of us would like, and thus 
federal funding is ir^portant if such teclmology is to become 
effectively used on a wide basis. Existing federal legislation is 
in the right direction but a nioi-e aggressive approach by both 
the legislative and executive branches would greatly improve 
the process. 

Our third recommendation is to suggest that the Federal 
Government should play an active role in the development 
process. Historically, most devices of this sort have failed to 
reach the marketplace because the market size for devices for 
the handicapped does not in general support the extensive de- 
velopment monies required to bring such products to fruition. 
All private industry must of necessity view each project from 
the point of view of its financial merit, and most products for 
the handicapped fail that test. However, with federal sup- 
port for the development process, the manufacturing and 
dissemination of such devices at a reasonable price become 
much more realistic. We have developed a finai^cial analysis 
v/hich I would like to include in the record, which shows that 
the Federal Government receives more in tax dollar revenue 
from the emi>loyment of people using these devices thaa it 
pays to private industry to support the development process. 
In other words, It's an "everybody wins'' situation; private in- 
dustry has a financially viable product, the government suc- 
ceeds in educating and rehabilitating handicapped people 
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with a positive cash return, and most important, the handi- 
capped individual lives a more productive and satisfying 
life, 

A demonstration of the Optacon equipment was then executed by Mrs. 
Carol Gillespie, who is blind. It was noted later in the discussion that 
the cost of the Optacon has dropped from $15,000 to $3,000. Mr. Pros- 
cia commented upon the limited laarket and observed that the "major 
cost the 2ompany is facing is not the manufacturing cost, but it is the 
cost required to disseminate and to expose the equipment to the popula- 
tion in which weVe interested." It was established that while there are 
approximately one million persons who are "legally blind,'' only about 
half of these are on the lists of the Rehabilitation Services Adminis- 
tration. 

Mr. Gregg Vanderheiden, Director of the Trace Research and De- 
velopment Center at the University of Wisconsin (Madison), was the 
next witness. In his testimony, which focused on the problems of those 
with severe communication handicaps, he set forth in graphic form 
three tvpes of computer use (as shown in Figure 9). He also dis- 
tinguished between "Educational Aids" (system, etc.) and "Aids to 
Education": 

• "Educational Aids" here infers to materials, devices, 
teaching machines, etc. which are designed for the purpose of 
facilitating the teaching/learning process. 

• "Aids to Education" refers to devices which were not de- 
signed for educational purj^oses but which are necessarv in 
order to receive an appropriate or effective education. 

In his oral testimony, Mr. Vanderheiden ended bv quoting John Eulen- 
berg of Michigan State who had observed that: "These aren't severely 
handicapped individuals, they're indi/iduals who are experiencing a 
handicap, and in this case a severe handicup," 

^ The succeeding witness was Dr. Sam C. Ashcroft, Director of the 
National Center on Educatiouh^ Media and Materials for the Handi- 
capped at Ohio State University. The central tiirust of this witness's 
testimony was conceded with the development, over the past three 
years, of the National Instructional M^aterials Infonnation System 
(NIMIS) at Ohio State University. This system, which is described 
more fully in Appendix 13, handles descriptive information concern- 
ing more than 35*000 selected instructional media and materials of 
various kinds. A special NIMIS Thesaurus, "a dictionary of descrip- 
tors" with more than 800 terms, facilitates the detailed specification 
of instructional materials in order to more precisely meet specific 
instructional objectives. Dr. Ashcroft also called the Subcommittee's 
attention to a new portable braille recorder, brought to this country 
from France. It is a "4-pound device that records on audio tape, along 
with audio material, braille infonnation which can be read out in a 
12-cell display from tho same reading and writing device." 

Dr. Seymour Papert, Director of the Artificial Intelligence Labora- 
tory at the Massachusetts Institute of Technology," next was called to 
testify, and he demonstrated a device which could help cerebral palsy 
victims elicit a picture or writing from the machine, or even music. 
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FiouBK 9 

And these results can be stored for future retrieval and use. Dr. Papert 
spoke, in simple terms, of how such a handicapped person can identif> 
with an "animal" on the screen, and get it to perform certain acts. 
"And so this knowledge that he's been building up by observing the 
world-gets channeled into a form where it's useful, where it is instruc- 
tional.'^ Citing the limitations of fundin^g and other resources, the wit- 
ness talked about the difficulties of implementing innovative ap- 
proaches, or techniques into a system that was designed to function in 
another way: 

Now, in this case we have an education system that 'vorks 
mainly through interchange of words between teachers and 
students, and we make a machine where we automate that par- 
ticular function. We make a new device which sits inside an 
oUierwise unchanged — which expects to function inside an 
otherwise unchanged education system. 

Whereas, in fact, a reconceptualization, a rethinking in 
systems terms, of the whole process of education, of what 
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eople should Icam and how they can learn it, leads to a whole 
iflferent picture of what can bo done. But it's something 
which no individual group is very easily able to do in princi- 
ple, and also because — this is my main recommendation, the 
main recommendation point I want to make — because 
of the kind of scale of funding which has become established 
in this business. 

It becomes much easier for people to make other devices 
which fit into the otherwise unchanged system than for any- 
body to be concerned with the change of the whole system. 
As a result, we see more spectacular developments in areas 
like these machines for the blind, where the particular special 
need is such that making a particular device does in fact so 
transfonn the opportunities for the individual that you don't 
have to think in terms of changing the whole system. 

He then made the recommendation that : 

* * * we as a community, that Congress treat it as a matter 
of extreme national urgency, to consider the systems aspect, 
the holistic, global redesign problem of education as a whole. 

The last witness to appear before the Subcommittee during the 
fifth hearing was Dr. Dustin H. Heuston, Chairman of the World 
Institute for Computer- Assisted Teaching, an individual who would 
later testify at the joint hearings held in 1980 by the House Subcom- 
mittee on Seldct Education and the House Subcommittee on Science, 
Research and Techpology. Although Dr. Heuston talked throughout 
his presentation about the videodisc, this was done within a broader 
context. He stated that the videodisc combines the tliree most powerful 
technologies that have been usecl in education : the book, television, and 
the computer: 

The book — ines-pensive . . . portable . . . available, highly 
replicable 

Television — has color, sound, and motion . . . can use plot 
and characterization 

There are some extraordinary weaknesses to television as an 
educational format. In terms of learner productivity, it's a 
disaster. A student has to sit and wait for tlie information to 
come through in serial sequence. They cannot stop it, they 
cannot interact ^ith it, and therefore they become very 
passive. It cannot <rive trials to the student, cannot freeze a 
frame,^nd has limited depth of instruction in terms of what a 
narrator is saying. Therefore, it's very poor for learning 
productit^ity. 

The com'puter-^has random accessibility . can ask a stu- 
dent a question; the student responds. The computer calcu- 
lates, feeds back an answer immediately . . . the computer • 
outnut format is a disa«?ter in terms of emotional excitement. 

Now, what the videodisc will do basically is to combine these 
three in one device. You will be able to be taking instruction 
vith, say, 3-, 4-, or 5-minute bursts of a movie, with a narrator 
talking about it. Then the videodisc will stop and the user will 
start an instructional sequence by using special keys. 
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If, for example, to give yon an idea of the power of that 
information we'll be able to use heiti, by taking out 10 seconds 
of a half hour production^ we 11 be able to insert 300 individ- 
ual still frames m color, with excellent learning theory behind 
it, and with special keys to take students through it. So we will 
bo able to salvage the power of the television production, with 
color, sound, and motion; then it will freeze, and tlie user 
can go into a very interactive instructional format with drill- 
ing practice. 

The second generation videodisc will have a computer built 
inside so as the student responds, the answer will be processed 
automatically. There will be automatic feedback. The student 
will be given responses back predicated on their previous 
trials. It will be an ideal instrument. 

Now, there are some other aspects to this which are very 
exciting. A record will cost about 50 conts to make. It will 
not wear out, because it's read by a laser beam. Therefore^ we 
will be able to distribute in great quantities these disks 
throughout the country. 

On a special chait. Dr. Heuston presented a graphic overview of* the 
strengths of the three traditional forms (see Figure 10) : 
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FiouBE 10.— Charted strengths and -veakn^^ses o 
computer technologies 

The remainder of the session was devoted to a discussion between the 
Subcommittee and its witnesses of appropriate fundmg policies, t)ie 
difficulties of introducing new tools and techniques into learning situa- 
tions, and alternative strategies of planning for better, more responsive 
technology-supported educational systems. 
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The final day of hearings (October 27) was dedicated "to the spe- 
cial probloins po^ed for educator.^ by the pi f ted chiKl on the one hand 
and tlie disadvantaged child on the other/' in the words of presiding 
Representative Soheiier. He then .spoke of the enormous investments 
made under Titl(KS I and III of the Elementary and Secondary Edu- 
cation Act (P.L. 89-10. as revised) but of the concomitJUit drop in 
learning scores. 

So there is a great deal that can be accomplished. The busi- 
ness of raiding functionally effective people who can perform 
in a society that is increasingly demanding higher and higher 
levels of sophisticated skills is an absolute must for this Con- 
gress and for our society. 

A comparison was drawn by the Chairman as l.e talked about the 
, success within the Soviet I'nion of identifying gifted children and 
treating them as a special i-ehource. In the United States there is a 
;*finite education pie," both in the public and private sectoi-s, so in 
-our educatiQn sy>tein *Sve have to achieve some kind of more so- 
phisticated decisionmaking on how we allocate resources.'' 

The first witness before the Subcommittee was Dr. Patrick Suppes 
from the Institute for Mathematical Studies in the Social Sciences at 
Stanford I'liivei-sity, who<:ommenced by saving that "One of the most 
encouraging things in terms of cost/benefits arc the increasing cost 
reductions in the delivery of instruction by means of computers.'' Dr. 
Suppes talked about his experience, since 1963, in dealing with "a 
variety of special populations, disadvantaged, handicapped, and 
gifted." and noted that: 

* * * the fii-st school system in the world to have every ele- 
ment arv-school child at a tenninal for some supplementary 
instruction in basic skills by computer was ilcComb, Miss. 

Continuing, he told of other programs, including one in rural Ap- 
palachia. which emphasized such basic skills as reading ami mathe- 
matics. Computer-assisted instruction is not a panacea, he opined, 
but it can be effective because it '*is individualized, and it is highly 
interactive. It is addressed exactly to the need and level of achieve- 
ment of the student at a given time."' Dialogue between Representa- 
tive Scheuer and the witness ensued, which touched on the need for 
an early identification of the gifted child based on testing and school 
performance. Options for teaching: gifted children were explond — 
university campus, public school, individual home— and Dr. Sui)pes 
felt that it would be economical to handle gifted students by placing 
terminals in their own homes, when working with a population seg- 
ment of more than 200.000 persons. Problems connected with institu- 
tionalizing such an effort are complicated since a long-term (perhips 
12-year) effort is optimum. Representative Scheuer voiced the dif- 
ficulty of getting Confirress to consider such an endeavor, since it 
normally operates within a two- or three-yeat time framework. Also, 
he ^aid. school districts are wary of going through major structural 
reorrrnnix.afion*? "without some k'ind of assurance/' The difficulties of 
the Head Start and Job Corps programs were mentioned. 

Subsequent discifssions between Dr. Sup7>es and the Subcommittep — 
especially staffer James Gallagher— focused on future possibilities 
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for CAI developnieiit and use, iiiduding suggested Federal support 
opportunities, and the anticipated cost-etFoctivenoss of computer tech- 
nology as applied to education. Also, the element of involving po- 
tential students was raised, with Dr. Suppes relating how 20 percent 
of the adult population in Orange County is involved in at least one 
course at the community college level : 

* * * the community colleges are effectively marketing in- 
structional courses that people want * * * It is obvious that 
they provide a service that completely responds to a felt need 
on the part of the population. 

Next to be called by the Subcommittee was Dr. Sylvia Charp, Di- 
rector of Instmctional Systems, School District of PhiHdelpliia, who 
described the elFort in that city to utilize computers .n instruction. 

Results from the mathematics and reading programs last 
year with over 3,000 elementary school students have shown 
that the educational gains of disadvantaged students using 
the computer not only match but surpass the gains of child- 
ren taught in regular classes. 

She to!d of heightened response by "reluctant learners" among the 
10,000 secondary school students who were exposed to computer use 
in such subject areas as mathematics, science, social science, and busi- 
ness. The Chairman and Dr. Charp discussed intensively the nature 
of the Philadelphia school population — two-thirds disadvantaged and 
60 percent minority students — and the difficulties of getting support 
from school administrators and teachers. The details of students' use 
of terminals in terms of time available and costs followed,' and Dr. 
Charp at one point recommended that an "all-technology school where 
we could explore technology to the furthest and see how far we can 
go in education with the technolog}' that is around today"' be estab- 
lished. 

The third witness of the day was Dr. Dorothy A. Sisk, Director of 
the Office of the Gifted and Talented at the Bureau of Education 
for the Handicapped. In her statement, she told of the mixed response 
by a group of l,0iO0 educators to her talk at a national conference 
on the subject of '^The Age of Technology: An Invitation and a Chal- 
lenge to Gifted.'' Many persons seemed fearful, she said, when they 
heard of CAI programs for elementary gifted children in pliysics, 
math, algebra, and chemistr}'. Then, the witness told of several in- 
stances where univereities were working cooperatively with local 
schools in providing computer-assisted education, after which . ]\(* and 
Repmseiitative Scheuer discussed the pote.ntial of existing legisla- 
tion- -the Education for All Handicapped Children Act — in this area : 

Computer-assisted instruction also will help in tenns of the 
States that are using Public Law 94-142 to serve their gifted, 
in other words, the lan^iage from Public Law 94-142. In ap- 
proximately 20 of our btates, rifted children are served under 
the rubric of exceptional child education. Consequently, 
Public Law 94-142 language serves the gifted as well as the 
handicapped. Two advantages are coming out of several of 

Computcw and the Letrolog Society, p. C07. 
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the programs that are using computers. One is that it helps 
in terms of individual programing for the children. In other 
words, as we become more skilled m diaOTostic prescriptions 
of eifted children, knowing the chikl's ability level, the 
child's achievement level, the child's self-concept, creativity, 
strengths and weaknesses, and as we become more skilled in 
programing ^tratecies, this information can Jbe fed to com- 
puters, thus providing an individual plan for an individual 
gifted child. 

Second, in serving the gifted child in the regular school 
there is spillover value to the total program. A concern that I 
see i)articularly in inner-city areas — and New Yoik City is 
a prime example of that — where wo would expect 3 to 5 per- 
cent of the scnool population to Qualify as gifted. In New 
York City, for example, that would be about 50,000 children. 

The final witness at this hearing was Dr. Harvey J. Brudner, Presi- 
dent of HJB Enterprises, who presented a briefing on and initial re- 
sults of a current assessment study on instructional computer support 
programs. In particular, he noted the la/ik of comprehensive statistical 
summary data relating to computer support in an instru'^tional en- 
vironment: ' 

Extent of usa^ 
Regional distnbution 
Numbers of students and grades 
Academic subject areas 
Categories of instructional use 
Types and Number of terminals 

Documentation of gifted and disadvantaged subgroups 
Augmenting his oral testimony were two papers ; 

1. "The Past, Present, and Future of Technology in 
Higher Education," which appears in its entirety in Ap- 
pendix 14; and 

2. "System Study of Priinaiy and Secondaiy Educa- 
tion with Emphasis on Urban Core Areas in New York 
State.'' "1 

With this presentation and supporting material submitted, the Sub- 
committee concluded its hearings Oi^ ''Computers and the Ijeaniing So- 
ciety.'' Subseouently, in June 1978, a repoit with that title was 
issued which leatured a series of recommendations from participating 
witnesses and repi'eseiitativcs of government agencies in the field. In 
udditioii, this oversight effort bv the House SubS)mmittec on Domestic 
and Inteniational Scientific i^lanning. Analysis and Cooperation 
cogently described by CAI and CMI systems and their technology, and 
reviewed the application of these innovative approaches to education 
for the handicapped and the gifted. 

One other legislative action during the 95th Congress was of note : 
the passage of the Education Amendments of 1978 (P.L. 95-561), 



Computer* and the L<»amlnK..SocIety. p. 626. 
^ U.S Cooi^ets. Houte. Committer o& Science and Techoolo^*. Subcommittee 01 Do* 
roestlc and loteroatiooal Scientific PlannioiT. Analysis, and Cooperation. Computers and 
ibe LeamtniT Society. Committee Print, 95tb Con^ss, 2nd session. Washington. U.S. Govt. 
Print. Ot., 1978. 48 p. 
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wherein Title II stressed the need to utilize new technologies im- 
prove and develop basic skills and Title XI granted assistance for chil- 
dren's educational television. 

Hearings on Information Technology in Edxication {96th Congress) 
In considering the role of information technology in education, two 
sets of hearings were held in the House of Keprcscntatives during the 
96th Congress (197{>-1980). The first hearing occurred on October 9, 
1979 under the aegLs of the Subcommittee on Science, Rese^>rch and 
Technology of the Committee on Science and Technology, and was 
chaired by Representative George E. B rown, Jr. This onc'day hearing 
focused on "information and comnninications technolog:os appropriate 
for educational application," ^" with etepccial attention to H.R. 4326 
which would establish a National Commission to Study the Scientific 
and Technological Implications of Information Technology in Educa- 
tion. This bill, introduced by Representative James H. Scheiier, was ' 
referred jointly to the Committee on Education and Labor and the 
Committee on Science and Technology. 

The second series of Jiearinfrs, augmented by a technical workshop, 
were conducted on April 2-3, 1980 nnder the joint auspices of the Snb- 
conimittoe on Science, Research ahdvTechnology and the Subcommittee 
on Select Education."* RepresentaUVe George E. Brown, Jr. served 
as chairman of these hearings, with Representative Carl D. Perkins 
(Chairman of the Committee on Education and Labor) functioning as 
co-chairman. The announced objectives of the.se s-^-ions were to en- 
hance the awareness of the Congress, the E.xecutive Branch, and the 
private and pnblic^ectors of : " 

• the potential educational benefits of new information 
and telecommunications technologies, and 

• the possible social and economic impacts rosnltinff from 
the widespread use of these technologies in the educational 
process. 

In order to draw upon the widespread interest .a .d experience avail- 
able in this area of biirsrconing concern, a technical workshop consist- 
ing of 12.^) nnblic and private sector participants was hoh] dnrinff 
portions of April 2 and 3. The modtis operandi featured deliberations 
by si.x sf rnctnred "discussion groups : 

Group 1 — Elementary and .Socondarv Education 
Group 2— Post-.Sepondarv Education 
Group 3— Adult Education 
Group 4— .Special Education 
Group 5— T>*vplopment of Information Technoloiry 
^ Group 6— Public Planning for Education in the' Information 
Society 

Through this mechanism, the spon.soring subcommittees i ould derive 
specific, useful commentary in the form of issue identifications and 
recommendations for action. Ancillary to the workship were a series 
of demonstrations bv university, commercial, and government groups 
which have been developing computer-assisted tools and techniques for 
use in education (see Appendi.x 15). 

^ Information and Communlcfttlons Technolorl^s. 

»w TnformjiHon T^^rhnolojr tn Education ; A Toint Hcaiincnnd Workanop, 

»» Information Technology in Education. A Joint .nearlnjr and Workihop p. 3 
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The tcstinlony <;olicited and.received during both scries of hearings 
Reflected the broad .spec£n»n of concern and involvement or. the part 
of both the public and private s^tors. As noted in Figure 1, those 
organizing the hearings sought representntion from Federal Govern- 
ment and academic instit^itjons >vith policy and program responsi- 
bilities, pi:iv<ito sector entitijcs concerned with research and develop- 
' ment as well as the commercial marketing aspects of this area, and 
educational* groujfe (including the media) responsible for providing 
iiomputing, audio-visual, library, and other research support services. 
All fot^mal* testimony presented at the two series of hearings has been 
IMiblibhivl in t ao volumes, as shown in the Selected Refeix^nces' section 
<jAf)pendix 16) of this study. Listin<»s of all key participants involved 
wUie October 1979 and April 1980 hearings are found in Appendixes 
IT and 18,^./ ... 

Duriijg'^the 96th Congress, there were other actions anent the role 
of information technology in education which warrant mention: 

.Passajro of the ■^Depart^nent of Education Act (P.L. 96-88), with 
the ftf^t Secretary of Education bein^; sworn in on December 6, 1979. 
^n Assihtnnt Secretary for Educational Research and Improvement 
was created to be responsible for research, development, dissemination, 
and. ftssessjnent activities. 

• A 'three-day ^5t*ries of .panels and workshops on "Application of 
Technology to'IIflmlicapped Ii](?ividuals" was held in 1979, under the 
Wint sponsorship of the Subcommittee on Science, Research and Tech- 
nology *.{Hous(^ Committee on Science and Technology), the Subcom- 
mittee on the handicapped (Senate Committee on Labor and Human 
Resources), and the Cong;^.ssional Research Service. Subsequently, a 
**Joint. Report'*, was issifed, having been prepared for the subcommit- 
tees '^by the Science Policy Research Divi.sion of the Congressional 
• Resciirch Service.**® 

.Issuance by the Subcommittee on Elementary, Secondary, and Vo- 
cational Educatioil of the House Committee on Education and Labor 
of "Needs of ,Elemontarv and Secondary Education in the 1980's: A 
Compendium of Policy Papers'' (1980). «^ 

"•TVS Conirren«. Joint R<»port Senate Committee on I^bor nncl ITumnn Kej.oiirrM< nml 
the House Committee on Science -^nd Teoh*>locy. Apnilcntlon «f Terhnology to IlniiHi- 
CApped .Individuals. Process. Problem^, and ProRress. Wnshlncton. C.S Oovt, Print Off. 
)9R0 317 p 

r S. ConcrefiR- Hoiis^. Committee on Education and I*abor. Subcommittee on Klemen 
tary. Secondarv. and Vocational Education Needs of Elementary and Secondary Kdiica 
tlon In the lOftO'a. Committee Print. 96th Congresii. 2nd walon. Washlnctou. t' S Ciovt 
* Print. Off.. 1980. 693 P. 
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V. HIGHLIGHTS AND COMMENTARY: HEAPING ON IN- 
FORMATION AND COMMUNICATIONS TECHNOLOGIES 
APPROPRIATE IN EDUCATION (INCLUDING H.R. 4326), 
OCTOBER 1979 

With Representative Geoiw E. Brown,- Jr., Chairman of the House 
Subcommittee on Science, fe^earch and Technology, pi*esiding, the 
first hearing on Information Technology in Education was convened 
in Washin^n, D.C. on October 9, 1979. The stated objectives of this 
one-day session were two-fold : 

1. To review H.R. 4362 fa bill to create a National Commis- 
sion to Study the Scientific and Technological Implications 
of Information Technology in Education] to obtain positions 
and issues such as: ^ ^ , 

duties of Commission and feasibility of obtamment 
scope — computers vs. other appropriate information 

technolo^es 
educational level to be addressed 
membership of Commission ^ 
need for Commission or feasibility of accomplishing 

objective by other means, i.e., OTA, OE 
coverage — training and market needs 

2. To review information technologies appropriate for edu- 
cational application and related issues such as ; 

cost and benefits of alternative methods of education 
and training 

mechanisms for increasing private sector commitment 
limitations to application and efficiency 
impacts— effectiveness, societal, training, changes in 
educational system 
The selection of witnesses for this initial hearing was designed, in 
the words of Representative Brown, to "give us a broad overview on 
the state-of-the-art, including activities of other nations, as well as to 
address related issues such as cost and benefits of alternative methods 
of education and training, mechanisms for increasing private sector 
commitment, and forecast of technological changes." He then under- 
scored the importance of learning more about "the human decision- 
making process" and how "we. must prepare to take optimal educa- 
tional advantage of new and revolutionary information and communi- 
cations technologies." Pointing out that certain heralded technologies 
had *^ot met projected expectations," the Chairman went on to say : 
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Technology has been viewed primarily as a delivery system 
for education rather than a means of creating a wide range of 
environments in which the learner can explore new concepts, 
exchange ideas, and initiate intelligent interaction through 
multiple pathways. 

The criticalitv of selectively apportioning needed information also 
was addressed by Representative Brown; 

The innovative application of technology could serve to re- 
duce the gap between the surplus of information in society as 
a whole and the shortage of desired information available to 
mdividuals. 

And finally, in regard to the increasingly interactive nature of the 
several information technologies— typewriters, telephones, videodiscs, 
radio— he noted that "Such advances will have considerable impact on 
niany of our social and jwlitical institutions and hold potential for 
altering the role of educational institutions." 

Dr. l^wis M. Branscomb, Vice President and Chief Scientist of the 
International Business Machines Corporation, appeared as the initial 
witness and began by observing that ; 

Much of the emphasis in H.R. 4326 is on the pace of tech- 
nological progress. My own view is that the pacing factors are 
institutional responses, not technology, and it is in the area 
of institutional response that the key questions arise. How 
will educational materials for the new technologies be gen- 
erated? Will teachers view the computer as helpful or as a 
threat to their jobs? What are the incentives for educational 
productivity if indeed these tools contribute to productivity? 
Can objective measures of students achievement gain enough 
acceptance to make self-paced education practical? 
Dr. Branscomb next talked about the earlv optimism of the 1960's 
regarding computer-aided-instruction (OAI) and computer- 
managed-mstruction (CMI) and the ensuing disappointment. Now, 
he pointed out to the Subcommittee, manv "Ixilieve that education will 
yet bo transformed by contemporary information technologies, and I 
am among them." He then said that we must not "lose sight of the 
role of the technological innovator," and told of early discussions 
l)etwepn the Carnecrie Foundation for the Advancement of Teaching 
and Thomas J Watson, Sr., president of the IBM Corporation, 
regarding how best to test the product of educational institutions at 
critical points^ A long-term project bv the company resulted in an 
invention by R. B. Johnson which could "instantaneouslv penetrate a 
long and difficult examination and * * * correctly record the exact per- 
formance of the student." This was manv years before the invention 
of the modem computer as we how know it. 

The witness then noted that as rapid changes in education and 
trammer for adults become possible, extensive and continual retrain- 
ing will be required as employers introduce new technology in order 
to remain competitive while still attempting to sustain a stable employ- 
ment milieu. The circumstances must be realized : 
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* ♦ * tho teacher is paying the student's salary, not the other 
way around, and * * * there is an obvious incentive to look for 
ways to increase educational effectiveness and increase educa- 
tional productivity. 

The IBM Corporation, he said, runs an educational system for its 
employees involving ovqv 3,000 full and part-time teachers, and offers 
three million students-days of instruction, largely using computer- 
assisted or computer-managed instniction. An example of this endeav- 
or is tho large Denver computer installation, with a network of 400 
terminals^ which provides computer aided-courses to 10,000 Field 
Engineering Division employees of IBM located throughout the coun- 
try. This network is **an excellent return on investment," Dr. Brans- 
comb emphasized, since "Just the savings from avoiding travel 
expenses and per diem associated with the more traditional classroom 
approach exceed the cost of the equipment by a considerable margin." 
hext^ he raised a point which would be echoed in later presentations 
and discussions : 

If we don't restrict our idea of education to the formal 
classroom experience in a conventional school environment, 
then it is clear that the impact of computers and commu- 
nications is even greater. Education to impart a specific skill 
or midcareer or even pre- ind post-retirement education are 
potential markets that the private sector may well invest in 
and pursue. Similarly, do-it-yourseh training and recreation 
or game oriented education for the whole family lend them- 
selves to the new technologies. 

After talking briefly about the expectations for public television use 
in the education fields Dr. Branscomb turned to the roles which new 
technologies can fulfill. For example, the videodisc when combined 
with a microprocessor for random access possesses the capability to 
form the basis for a sophisticated interactive audiovisual teaching 
system of relatively low cost. Direct broadcast satellites beaming to 
small home end office antennas are practical, he noted, and media 
companies are already considering specialised educational program- 
ming as a way to use the new channel capability for specialized but 
dispersed audiences, such as doctors or businessmen, in his formal 
testimony. Dr. Branscomb alluded to the development of "talking 
devices" — such as the early "Speak and Spell" unit created by Texas 
Instruments — and speech recognition equipment as adjuncts to 
education. 

In talking about the underutilization of computers by the educa- 
tional e ->tablishment, Dr. Branscomb admitted that "the costs of today's 
CAI systems are indeed high, and this works against their adoption 
by p ublic school systems." ^ 

* * * but time is on the side of technology. The approximate 
per pupil cost of public education in the United States has 
been rising at about 10 percent per year over the; last 10 years, 
up to about $2,070 per year, from only $816 ten years ago. But 
the cost of computer technology has b^en falling at the rate ^ 
of about 25 percent per year for the last 20 years. Now, today, " 
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a student could have access to a computer terminal in one of 
his classes for less than a 10-percent additional educational 
cost. If we project the costs of both instruction and computers 
out 10 years, the extrapolation sufi:£?ests that computer assisted 
instruction could be made available to all students in all their 
classes for a similar reasonable price. 

An enumeration of the wavs in which an institutional structure dis- 
courages the incorporation of new technology followed: 

• Lack of incentive in educational institutions to improve their 
productivity. 

Lack of access by schools and colleges to capital for equipment 
investments [even where such equipment would be cost effective]. 

• The obvious tnith that wisdom and values are the true 
primary educational objectives, not so suitable for teaching with a 
computer as would be vocational and structured learning. 

• Reluctance of teachers to accept radical changes in their role, 
and m fairness to the teacher, a mature judgment on their part 
about the practical problems of maintenance and security for 
such equipment. 

• Lack of market incentive to generate good quality, useful in- 
structional materials. 

Special education is one area where Dr. Branscomb felt that tech- 
nology will be employed increasingly, and nmoncr the research projects 
on-cromg he cited the work being performed bv IBM's Scientific Center 
m Pans which was designed to help deaf children learn to speak 
understandably through a combination of lip reading and computer 
supplied cues. 

In considering the "proper role of Government" in this area, Dr. 
Branscomb noted in his formal testimony that the new Department of 
Education should have an Assistant Secretary responsible for educa- 
tional research and technology. Among the steps which he recom- 
monr 1 should be taken by government: o '\ 

1. The Department of Education should take the lead in Ainder- 
standing the institutional factors that have . . . made progress 
slow. If . . . further research is needed . . . field trials and dem- 
onstrations [should] be one in a realistic user environment 

2. The Department of Education should lead an interagency 
working group to evaluate the effectiveness of all the Government 
education programs . . . and initiate improvements. 

3. The Govei-nment should maintam an even hand between 
pnvate and public educational instftutions, being sure that the 
increasing support going to public channels does not leave the 
pnvate institutions in an unviable condition. ^ 

4. The Congress fshouldl heed the President's message on tele- 
f^n^unications regulatory reform that he sent up on Septem- 
oer 21, 1979, for . . . the innovative capacity of our computer 

- comn^unications community is substantial and it should be fully 
unleashed. 

5. The House Committee on Science and Technology might well 
examine carefully the adequacies of the Science Foundation's 
resource requirements for assisting universities with their com- 
puter heeds. 

O 1 I O 
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And finally, in commenting on the specific proposal in H.R. 4326 
for a Presidentially appointed national commission to study these 
matters, he said. 

I am not opposed to such a commission. My personal view 
though is that it might possibly delay the Department of 
Education coming to grips on its own with an opportunity 
that should bo high on its afjenda, and thus I think it might 
be desirable to ask the leadership of the now Department, 
when it is appointed, whether or not they might carry out the 
work of tho commission themselves on an expedited schedule. 
As a point of reference. Figure 11 provides an overview organiza- 
tional chart of the new Department of Education. 
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Figure II.7-U.S. Department of Education organization chart 

In tlio^ ensuing dialogue. Representative Brown iterated that tho 
Department of Education had indeed been established after the in- 
troduction of H.R. 4326, and that in his opinion "education has broken 
out of the confines of the classroom." He drew an analogy to the 
health field, where rapidly escalating costs have caused a tendency 
''to isolate health within the confines of the hospitals." In commenting 
upon the effect of such "reductionism," Dr. Branscomb indicated that 
"a lot of innovations might arise outside of the school institutional 
structure." 

I would hope that we would not fall into the trap, however, 
of believing tnat the problems of the schools can be addressed 
by accelerating as rapidly as possible the out-of-school devel- 
opments and allowmg the schools to languish in their 
problems. 
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In reflecting upon the witness's comments regarding a leadership 
role for the Goveniment, particularly the Department of Education, 
the Chairman then asked if Dr. Branscomb was in effect suggesting 
that the Government constitute a ^'demonstration market for encourag- 
ing the more rapid development of . . . computers and related tech- 
nologies in education." In affimation, Dr. Branscomb remarked that 
"the emphasis I want to give is to challenge the Government agencies 
to make the most cost effective use of educational technologies." 

The next exchange centered on a question raised by Dr. William 
Wells of the Subcommittee staff, who noted that in earlier hearings 
tho concept of creating "regional demonstration and t>est centers that 
require long-term Federal funding" had been raised. Asked for an 
opinion regarding this "simplistic underwriters laboratory approach 
to the examination of systems/' Dr. Branscomb questioned spending 
"a great deal of money to measure something that we haven't yet cap- 
tured." He then went on to say : 

I suspect that educational innovation takes place most 
effectively in a relatively decentralized environment with spe- 
cific schools . . . coming to a conviction that they can do 
something worthwhile and economical. 

Reference was made at this point to the pre-1936 interest of Thomas 
J. Watson, Sr. in the problem of "how do you objectively measure 
tho procrress that a student has made?" 

Dr. Wells next talked about tho type of pragmatic decision which 
many school districts must face when told of such diverse systems as 
PLATO with its central processor and multiple terminals versus one 
featuring a microstandard processor. How is the decision made, and 
can it be made in-house or should outside consultants bo used? Often- 
times «>uch "very, very sophisticated decisions ... go far beyond tho 
technolog>'." Dr. Branscomh's response was that traditional institu- 
tional sources — a State university system — should bo tapped. The 
difficulty of upfirradincr educational technology then was cited by Dr. 
Wells, who told of lobbyist pressures which removed encouragement 
of "greater use of information technologies, more advance^!, croing 
beyond the conventional textbooks" from the statement of UFJW 
Secretary- Joseph Califano durinn con^sidemtion of the ElementaiT 
and Secondarv Education Act. This made him skeptical about "relying 
solely on the Department of Education" for initiatives in this area. 

Representative Brown shifted to a related area of concern, the set- 
ting up of some "national systems for more effective communication 
or movement of data around the country," including the regulatory 
and ownership a<?pects within the business community. Expressing 
conceni that Congress was not very successful in "modifying the exist- 
ing statutoiy base for regulation of communications," he asked: 

Is there a way that we can give direction to this process? 
Is there some wav we can create new institutions or new 
leadership that will help us move beyond the chaos that we 
seem tij bo in now to an orderlv system of technological 
growth and institutional regulation or deregulation? 

In response, th*? witness said that the recent President's message on 
regulatory reform in telecommunications "is the host vehicle for en- 
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couraging expcriniontal institutions." Innovations will be paid for 
in large paxt bv risk private money rather than public funds. Ho then 
averred that "Every trend I sec about our life in the future is ^roing 
to make continuing education a more and more urgent matter " and 
that thase responsible for special education can derive much useful 
support from the use of computer technology, which may repn»sent 
the only source "that allows ^hem to effectively tap into our knowledge 
base and our educational process." 

The second witness was Dr. Delbert D. Smith, Attorney at Ivaw and 
the author of several books on telecommunications and satellite tele- 
services. The thrust of his remarks^dealt with "the application of satel- 
lites and space scfonent^s to information technologies as they apply to 
education." Speaking in terms of a "technological imperative," he 
raised the question of: 

* * * whether or not the educational community will be able 
to respond in time and in substance with a solution that will 
make full use of the technology that is being presented to us 
almost daily. 

Dr. Smith then discussed the concept of "multiple pathways"— cre- 
ating a wide range of environments in which "tlie learner could ex- 
plore new concepts, exchansre ideas and initiate intelligent interaction." 
As Director of the Educational Satellite Center at the University of 
Wisconsin, he had participated in a number of NASA-funded experi- 
ments with Alaska, California, and the National Library of Medicine, 
but had found that "the educational community was very reticent 
about the new technology." In spite of a decade of experimentation — 
ranging from the upgrading of teacher skills to servicing remote com- 
munities via satellite son-icei? — the witness felt that this experience has 
been largely ignoif d, but that intei-est might be rekindled through the 
present eir.phnsis on the development of advan ?ed information systems 
m schools and homes. 

AVhile noting the plans of such corporations as Comsat General for 
direct satellite broadcasting systems and the availability of large nuni- 
bers cf transponders. Dr. Smith stated that in the coming years it 
may be nccessarv to present the capabilities found in space and com- 
puter technologies to the educational community "in such a wav that 
their needs and substantive program plans can be accomplished." 

Tliis runs somewhat counter to the idea of maintaining a 
level of computer expertise within the educational community 
and instead says that the concept of education, the goal of 
education towards universal excellence, and continuing educa- 
tion is important in its own right. 
Wliereas there have been many discussions about telecommunications 
paritv, with most centered on the revision of the Communications Act 
of 1934, the witne.ss felt that this concept can l>e expanded to include 
such parity for educational purposes and "equal access for all citi/.ens 
\to educational svstems, no matter what their circumstances and no 
matter where their location." He then offered a plan for developing 
airentiro s\ stem of educational teleservices: 

An extensive program of re.search and development in the 
content of educational teleservices is needed. 
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The space segment transponder availability issued should 
be Watched closely "so that the people involved in educational 
development can understand what the technology has to offer 
in terms of transponder capacity." 

Extensive research and development in hone and school in- 
formation consoles that can provide facsimile transmission 
is a priority requirement. 

Turning to the focal legislation, Dr. Smith had several suggestions 
^nd comments : 

1. "Encourage the utilization of information systems at all 
levels of education, with emphasis on space teleservice systems 
and computer technology." 

2. The study calling for "a technological forecast of infor- 
mation systems from 1981 to 2000 with regard to educational 
applications is a good one and is necessary." 

3. The study that deals with '^sources of financial support, 
inchiding school financing and local taxation^, should be looked 
at in some depth," for such basic information is needed. 

^ 4. Tho study focusing on R & D to create school and home 
information consoles is important. 

5. The Commission should consider a broader range of in- 
stitutional studies which look at the implications of imposing 
information transfer and educational systems on such entities. 
The potential for joint ventures in research, development, and 
demonstration programs between NASA and the private 
sector, as has been done in other nations (e.g., Canaaa, Ja- 
pan), is present. 

Thus, the proposed Commission could "look at practical demonstration 
programs that might promote the development of educational delivery 
systems that would benefit the United States during the 1980's and 
beyond." 

In thanking tlie witness. Representative Brown mentioned that the 
usual congressional api>roach to such a broad area results in several 
legislative actions "which need to be integrated in some fashion." 
Next, he noted that private enterprise initiatives such as that by the 
Satellite Business Corporation — which hopes to create a massive satel- 
lite link computer transmission capability — usually are targeted to 
the major corporations. Dr. Smith, in responding, suggested that while 
public service satellite consortiums are useful, they do not provide the 
complete answer : 

* * * because it is not only a question of aggregating 
known and perceived needs, but assuming the development of 
technologies over the next decades it becomes an educational 
function. 

Funding options must include, he said, subsidies (perhaps from the 
Department of Education) or "cost reductions in the utiliisation of 
the complete systems" or "cooperative funding . . . from a number 
of levels of the educational community." 

He talked next about the public service satellite consortium, a mech- 
anism raised by the Chairman, which had been established by NASA' 



ERIC 



113 



and HEW *'to aggivgiite coniinunications satellite educational and 
other public service u^ei-s/* and which was somewhat diffei'ent from 
the Corporation for Public Hroadcasting and the Public Broadcasting 
System. Returning to the achievements in other countries, the witness 
explained that Canada's direct satellite broadcasting program will use 
their AXIiv-B .satellite to ti.tnsmit programs, including those of an 
educational nature, to 120 participants. Representative Brown, in re- 
sponse, expressed a ''sense that we are groping for institutional ar- 
rangements within which to develop these technologies" and that the 
U.S. may lose ^'global markets to countries that are less developed but 
better able to focus on the applications of these technologies." Dr. 
Smith, in agreement, said that: 

Several weeks ago in testimony that I gave in this very 
room, I pointed out that we have not been able to adecjuately 
consider the questions of under what tenns and conditions a 
space station would be built, how users would gain access to 
the station, what the costs would be, and what the tariffs 
would be. 

With Representative Wes Watkins serving as temporary chairman, 
Dr. Well.; a^ked whether the contrasting educational systems in Eng- 
land, Franco, and Japan affect the move toward acceptance of tech- 
nology in education. The witness replied in the negative, sayinp again 
that ''at the present time, the United States has so many different 
legislative initiatives that it is difficult to concentrate on developing 
operational .svstenis.'* A case in point: the concern expressed during 
the Commanications Act rewrite for rural communications systems. 
Dr. Grace OsteubO of the Subcommittee staff then introduced the con- 
siileration of how comnninicaf ion.s satellites affect education and cul- 
tural e.xchaiifre octi\ities in developing countries. Dr. Sinifh noted a 
"direct paraller' between the needs of rural America and developing 
countries, and went on to cite experience gained during the India 
experiment and the content of the proposal made in firncva for a 
global domestic satellite system (GLODOM). At the 1078 UNESCO 
meetiiig. he informed the Subcommittee, the United States suggested 
that S-25 million be put toward the utilization of .i "communication 
satellite system for development." 

"Are you suggesting then that the scope and mission of the Com- 
mis^sion as it is now laid out in the bill ought to be broadened to look at 
international educational and cultural exchanges as well as the do- 
mestic?" was Dr. Ostenso's query. Following his affirmative reply. 
Dr. Smith commented that a Commission with a '^short-term mandate'' 
might prox ide re.^pon.se.s to inuuediate problems not possible elsewhere, 
and that a one year time frame for its cxi.stence would be "adequate.*' 

Tho final <liaiogiie involving this witness was with Dr. John Holm- 
feld of the .staff who focused on the element of acceptance (or non- 
ncceptance) of computer technology by the educational community. 
While admitting tliat ''l pei*sona]lv have no desire to ever communicate 
with a computer or learn how to do it,'' Dr. Smith said that he "would 
not bo averse to utilizing the tochnolog\ in a transpaj-.rit way to in- 
crea.se tlie effect of what it is I was trying to communicate to my stu* 
dent.^.'* Dr. Ifolmfeld then posed this question: 
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Do you hope that a Commission such as this could come 
forward, not simply restating the conclusion of what you call 
the decade of experimentation, but with something? new and 
imaf2finati\ e which could in a sen?e be the Sputnik of this 
field, maybe? 

The answer by the witness stressed the importance of developii<g "com- 
prehensive demonstration programs that would involve not only a 
space segment but advanced computer technology." This would be 
combined and demonstrated in an educational context at various levels 
of the educational system and in various geographic regions. 

Appearing as the third witness before the Subcommittee was Robert 
G. Gillespie, Vice Provost for Computing at the University of Wash- 
ington. Noting that he had very recently been involved in an NSF- 
supp .ted study of the demands and needs in higher education for 
computing, Mr. Gillespie commenced by making three points: 

* * * the Nation is at a certain level of development in com- 
puting and higher education because of some very shrewd 
decisions (he last 10 or 15 years in resource investments. 

* * * other countries have more strongly recognized differ- 
ent aspects of computing and the computer revolution so that 
they aiv able to lay groundwork for some long-term strat- 
egies that will affect our leadership role. 

* * * the Commission proposal may be a good vehicle for 
touching on some of the maior issues/Specifically, it can take 
up the issues concerned with transition— that is, how do we 
get from what we are doing today to a place where we can use 
some of tliese new teclinologies — and the area of limiting 
factors. 

Ho then pointed out that a recent study by John Hamblen esti- * 
mated that higher education expendit^ires for computing total about 
$1 bniion, and expressed his concern that such support "has increased 
most^^rapidly not in instruction, not in research, but in administra- 
tion." In commenting on past investments in computing, Mr. Gillespie 
cited two key NSF programs, the first of which (in the 1960's) was 
designed to "accelerate the Nation's capabilities in computing and 
technology through a program for matching in onler to stimulate 
people to acquire computer systems." By the end of that decade, 
one-third of the universities had computer facilities. The second pro- 
gram, in the late 1960\s, focused on network development, with an 
accompanying "large jump'' in user access. The witness estimated that 
at the current time, "nine-tenths of the students in higher education 
have access to computer facilities." Others appearing before the Sub- 
committee would disagree. 

In illustration, he stated that the University of Washington with 
30,000 students would have to multiply its investments in academic 
computing by a factor of 4 or 5 to achieve the kind of access available 
to students at Rensselaer. And this, in spite of already spending $2 
inillion out of a $400 million a year budget. He went on to remind his 
listeners that "the glamour of the technology and the excitement about 
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tho 'Irop in cost'' does not take into account other cost factors: people 
to support the facilities and training, to mention only two. 

Turning h is attention to efforts in other countries, Mr. Gillespie men- 
tioned the Japane.se report which aimed at tlie "infoi/tnationalization*' 
of society, the English initiatives to create microprocessing labo- 
ratories (n many univei-sities, and tho French program wliich would 
])lace perhaps as many as 10,000 microprocessoi's in their high schools. 
In our country, it is now possible to purchase a comi)ut€r for less than 
$1,000, which results, the witness explained, in many students arriving 
at tho university level with a background in programming. There is 
a concomitant drawback, in that "their expectation for computing 
access is at a peak," and university resources are often liard pressed 
to meet such demands. He then cited th" difficulties at his university 
in providing "specialized computer services in fields such as 
engineering.** 

In reference to the work of the projected Commission, Mr, Gillespie 
had two reconunendations : 

* * * that the commission scope be pointed to identifying 
some of the requirements that ro need to meet over the next 
few yeai-s, particularly to insure that we take up some of the 
issues that inhibit the penetration of computing. 

* that a 1-year life is extremely short for the broad issues 
that the commission may well be directed to look at, and 
that a 2-year life would be reasonable. 

Upon tho completion of his oral testimony, Mr, Gillespie was asked 
by Kepresentative \Vatkins: "Is the comi^iission established to help 
develop both national loals and programs to maintain our momen- 
tum?" to which he replied that "I would like to see that we articulate 
tho objective that all students would have experience with computing 
as part of their educational develoj)ment." He next talked al)Out the 
difficulty in obtaining funding to procure modern equipment, since in 
many Uhlversities teachim; tools are often many years out of date. 
At this juncture. Representative Watkins remarked that: 

You speak of networks and. of course, higher education 
has taken the lead in innovation ir .nany areas and could 
probably have also in the overall .computer program. You 
know we don't even have a network set up on a Federal system 
where we can get information from our labs to a centralized 
spot or to an area that computer services from the higher 
education could reach. 

Mr. Gillespie observed that there are technical and management 
problems associated with netw^ks which "are holding us back." He 
pointed out that many campus computhig centers are operated like a 
business establishment, with administrative inhibitions on transfering 
dollars back and forth. 

In response to Dr. O.stenso's question about problems associated with 
"courseware," the witness noted that "the investment of faculty time 
is. critical" to such develo^jmert. The University of Washington, ho 
said, makes heavy u'^e of compi.rers as supplements to courses, and "the 
iowerinc: cost of microprocessors means that we can use [them] . . . 
for drill and practice areas within the instructional program." 
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An example : for l)op^inninp^ chemistry students involved in scientific 
notati a microprocessor can bo u?eful; or, its utilization in simula- 
tion activities such as chemical experiments. Dr. Holnifeld asked: 

I sense that when you prescribe the kind of computer train- 
ingyou give the students, you are talking about teaching them 
how to use computers for their own purposes, how to design 
things, how to make it calculate.-^he kind of computer use 
that has l)een described to us earlier by T)r. Smith and Dr. 
Branscomb is a much more passive use; that is, making the 
computer substitute for the toacher. 

In his reply as to whether this was a valid distinction, Mr. Gillespie 
said that their penetration was of each kind : 

^ Wo use and teach about the computer as an object of 
study, 

* Wo use the computer to teach people to use it as a tool. 

* * * u-ach them how to program and use it in engi- 
nooriiig. hut the one we focused on in education.^ uh'> is a tool 
to improve the quality of teaching. 

When asked if there had been an instance when compute/ assistance 
had been phased out, Mr. Gillespie told of using the computer as an 
aid in a computer-based educational experiment in large classes in 
economics where a "weekly testing and diagnostic program was d^jvel- 
o\)Qdy This process caused the instructor to reshape the course, which 
presaged a problem if that teacher should later leave the institution. 
The next series of questions came from an AAAS Fellow on assign- 
ment to the Subcommittee, Dr. Michael Breton, who inquired about the 
problem of State versus private financing. Mr. Gilles])ie explained 
that ''the financing of higher ednc^ition [in] a large univei-sity is fairly 
complex'' and that there might be difficulty in enunciating clearly 
the importance of computers. He continued : 

* ♦ * within some institutions, the importance of comput- 
ing as contributing to the student is more easily recognized 
in either a smaller institution or an in.stitution that has much 
deeper control over its own resource allocation. 

In the State schools, he iterated, there was a real problem in reallocat- 
ing available funds. As to whether private sector schools are in "par- 
ticular jeopardy," Mr. Gillespie felt that smaller schools can move to 
meet student needs with small facilities whereas the investment re- 
quired to senice a campus of 30,000^0,000 students is often beyond 
reacii. 

Dr. Stephen Ziman, another AAAo Fellow, returned to the subject 
of "regional resource centei-s" and the pooling of funds : 

What have you done in terms of industrial-university rela- 
tions when sn<)h facilities are available, both as a teaching 
mechanism and as a research nieclianism ? 

y-. Gillespie then told of how the Boeing Companv, which had been 
using the University of Washington low-speed wind tunnel, an aging 
facility, chose to donate a computing system— both hardware and soft- 
ware — because this could be done less expensively than building its 
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own private facility. He also mentioned that the University is trying 
to determine some way to have access to the three Boeing large-scale 
computer systems, particularly for use by graduate students. 

Representative Brown, after describing a "cross-continental tele- 
conference'' in which he had participated and a visit to an elementary 
school cable network, asked Mr. Gillespie : 

Do you have any such facility at the university level or do 
you see a need for this kind of networking capability for pur- 
poses of teleconferencing, sharing data, shanng research re- 
sults, engaging in other forms of information transfer? 
The witness responded that there had been one "very successful utiliza- 
tion'' in the medical area under the Washiiigton-Alaska-Montana- 
Idaho program, whose "primary objectives were to broaden the base 
of medical students across a number of States . . . and perhaps en- 
courage more students to remain in the States that they were involved 
with," As to whether satellite communications were used in an "oper- 
ating theater," Mr. Gillespie indicat<»d that they were more probably 
employed in the diagnostic process : 

* ♦ * [resulting] in making available to someone in Alaska 
lyeing oxaininoil * * * access to a broad number of spe- 
cialists rather than require them to be sent to tlie location of 
specialists. 

It came down to a matter of trade-offs : "The problem is finding those 
that are 10 times better than some other choice, not just that it's bet- 
ter." With this exchange, the morning session of the hearing was 
concluded. 

Two representatives from the senior staff of the National Science 
Foundation were the fir6t witnesses before the Subcommittee during 
the afternoon session on October 9: Dr. F. Jamc5 Rutherford, Assist- 
ant Director for Science Education, accompanied by Dr. Andrew R. 
Molnar, Program Manager for Research and Science Education. 

Dr. Rutherford commenced his testimony by encapsulating a series 
of comments regarding the efficacy of the proposed commission. He 
noted that : 

* * * the National Science Foundation and other agencies 
who care about this are doing the kinds of things, although 
perhaps not quite at the appropriate level, that a commission 
would instruct them to do. 

Specifically, he addressed the question of leadership, observing that 
there are people — such as Dr. Richard Atkinson and senior NSF staff- 
ers Molnar, Deringer, and Lipson— already in place "who understand 
the nature of learning technologies and ho\y they might bo used." A 
commission would ask agencies to make projections, and Dr. Ruther- 
ford pointed out that this was being done, citing a recent NSF report 
entitled "Technology in Science Education, the Next 10 Years— Per- 
spectives antl Rocomnienflations." Ho wont on to predict that agen- 
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cies \vo\\U\ Ih? urirtMl to iiivost hoavily in "R & D related to the appli- 
cation of technologies to the learniii^r i)rocoss," which was already part 
of the NSF program dcsijjncd to lead to : 

* * * a deeper understanding: of the process of utilizing 
technologies to learn, and ajso the development of appropriate 
instructional materials using computers, via^-o-flisos and the 
like. / 

Anopl^r activity area of potential commi,<;sion concern where NSF 
is actn-e involves faculty training. Dr. Rutherford told of "short-term 
programs for both college and pre-college faculties to help them under- 
stand how these devices can be used in their work." Next, "We would 
be instructed, I belie e, to be versatile enough and informed enough 
to take advantac:e of what is on the horizon, special opportunities," 
and here the witness talked about NSF's efforts with regard to the 
"so-called intelligent videodiscs." And finally, in the mr.tter of coor- 
dination, he noted that Dr. Atkinson was serving as leader of bi- 
monthly meetings involving people from more than naif a dozen major 
agencies tliat "meet and compare notes, share information, and try to 
coordinate.'* These several facets of on-coinff activity could be seen 
as an "argument against the need for a Presidential commission." 

Dr. Rutherford then enumerated significant considerations on the 
other side of the question, including: 



the matter of "visibility," which is currently lacking: "it isn't 
known what the agencies are currently doing ... A Presidential 
commission can brine: visibility and \t can bring the need to the 
attent ion of the people actuall v that make decisions." 

• the fact that "a commission can bring top people to the task 
. . . The {M»st people in the land really must serve if the Presi- 
dent asks them." 

• the potential wh'u h a <'onuni.ssi')n has for iroin^r "i)cyond 
the Fo(lei:il |M»r^|)erti\«^" since ;in iii<livi<lual a«r(»n('v\s point 
of view may h(» nocesi-arilv restricted in scope. 

Assuminc: the establishing of such a commission, the witness under- 
scored the importance of spelling out the exact tasks which it would he 
charged to fulfill. "They need, to be manageable tasks . . . ones that 
we need help and information on, so that a final report . . . will bear 
on the appropriate matter." 

The second portion of Dr. Rutherford's testimony was focused on 
the various kinds of tasks which the proposed commission might 
undertake, with six of these beinfr delineated : 

1. Making proiections of probable trends in information 
technologv* and their implications for education that are dif- 
ferent from those that a Government agencv can make by way 
of its own resources . . . These projections can be* both 
shorter and longer range . . . fsince the] commission . . . 
not having tho constraint to work through next year\s budget 
or the 1981 or 1982 budget, can in facfc take a broader or more 
distant view of where these tcchnolo/jies are heading. 

2. Make recommendations for action, action in the here and 
now on what information ^echnolorry should be used in schools 
and college and for what purposes . . . they may want to 
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f>ay . . . pftrticular attention to ... . the pre-coUege 
evel . , . [A] commission might come up with steps that 
would say how do you bring about the implementation of 
what we already knov we can do, hut are not dQing in our 
schools, elementary and secondary. 

3. List actions for Federal agencies that would address the 
question of the public understanding of these technolo- 
gies . . the American school system ought to help them 
understand the strengths and uses and weaknesses of these 
devices. 

4. Identification of the elements of coordinated Government 
action that are needed to encourage the participation of the 
commercial and industrial sector . . . individuals need to be 
inventive and American industry and the publishing industry 
amonpr others, have to work on the problem. This means get- 
ting into the making of recommendations on such matters as 
patent and copyright law, standardization regulations, Gov- 
ernment procurement policy, and tax incentives. ^ 

5. Alert the public and educational community to the poten- 
tial unforeseen consequences of the widespread use of such 
deviceii . . . there are consequences, side effects, that were not 
projected or predicted and which many people regard as being 
negative if not harmful. 

6. Clarify the ways that educational use of the' new tech- 
nology can contribute to progress in our national produc- 
tivity, development of appropriate technologies, and tech- 
nology transfer . . . we not only want tlie technologies to be 
used for learning purposes but to be understood and used in 
ways which contribute to tlieso national needs or goals. 

Following tlie conclusion of Dr. Rutherford's testimony, Represent- 
vi'wo Brown recalled Daniel Boll's ])orcoption of our post in<lustrial 
(or information) society, which included an emphasis on the integra- 
tion of various tecluiologies — computers, televisions, satellites, fibre 
optics, among otlicrs. He and the witness exchanged ideas legarding 
this trend, witli the latter agreeing on its importance and noting that 
the XSF through its research fnndin*? attempts to strengthen this 
approacli. Tlio chairman tlien referred to "a real problem situation," 
stemming from our seeming inability to create a "structured program 
or plan of action aimed at roonlinating our eiTorts in this area." Rep- 
resentative Brown nex^ pointed out that other nation^ (Japan, Eng- 
land, France) had faced un to some of the critical information 
problems, and asked if tlio I/nited States lias "a lack of coordinating 
ability to do strateffic planning ... to bring together various .seg- 
ments tliat are involved in . . . analvzinir global markets and devel- 
oning a roic of XLS. techn61og\- in them?" Dr. Rutherford acknowl- 
edged that some of our planning efforts are not as "centralized" as 
those elsewhere, hut opined that "the long term strength of our system 
if: its diversity :" 

We liave industry working and competing, and we have 
different agencies sometimes competing with each other, often 

Information and Communications Technolodes In Education, p. 93. 
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to the good . . . Wliat wo have to do is have enough discus- 
sion at a high enough level so that if things get badly out of 
synchronization where we are working at odds with each other 
we can try to find out what the trouble is. 

Representative Brown then voiced the hope that this countrj; can 
"come up with a coordinated program . . . that will encourage private 
enterprise to take the appropriate action," and asked if the NSF was 
not doing niany of these very things? The reply was that the Founda- 

" tion is "trying to analyze, to look at the entire picture," followed by 
Dr. Andrew ^Molnar^s statement that the NSF budget for the tech- 
nology component <v.ns in the $7-10 million range. Dr. Rutherford 
added tliat with funding limitations, coordination with other agencies 

- is a consideration : 

* * * the National Institute of Education and ourselves 
, are embarking . . . on a cooperative 5-year plan to look at the 

uso of learning technologies, principally computers, in mathe- 
matics at the pi-e-college level. 

An exchange of questions, answers, and clarifying comments then 
'ensued between Representative Donald J. Pease and the two wit- 
nesses, centering on the Subcommittee member's interest in the H.R. 
4326 provision dealing with the preparation of forecasts concerning 
the effects of increased use of computers in education and school financ- 
ing and local taxation during the period from 1981 to the year 2000. 
In particular, he was conccmm with : 

* * * the degree to which [computers] . . . have been or 
are being used now by decisionmakers for decisions about 
school miance and local taxation which affect schools 
broadly, not individual schools. 

The final discussion involving Dr. Rutherford emphasized NSF's 
role in science education, which according to the empowering act was 
to "foster and support the development and use of computer and other 
scientific methods in technology primarily for research and education 
in the sciences."' This mandate had not yet been affected by any actions 
within the new Department of Education, but Dr. Rutherford ox- 
pressed his intent to "take the initiative and try and bring that about." 
Ho saw no problem regarding NSF's present programs &cause within 
the Science r.lucation Directorate "our concerns are very applied . . . 
Our mandate is to improve science instruction and science under- 
standing in the countrj-." 

The next witness was Dr. Judith B. Edwards, Director of the Com- 
puter Technology Program, Northwest Regional Educational Labora- 
tory in Portland. Announcing that her testimony would focus on 
statewide efforts in using computer technology in the States of Oregon 
and Alaska, Dr. Edwards commenced by describing the Oregon ex- 
perience which began in the middle 1960's. A converted bread tpick 
with a computer inside was driven to rural, isolated communities' 
schools in order "to provide computer literacy, to do teacher training, 
and to provide some expedience for the teachers and students on how 
they could use a computer to enhance learning." Several obstacles 
were encountered during the course of ^his Title III project of the 
Elementary and Secondary Education Act : 
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♦ • * there was an immediate and urgent and continuing 
need for tendior training . . . fnnd] nn unwiUin^rness on 
the part of the existin<r institutions ... to systematicallj 
provide that teacher training. 

There was a lack of adequate instinictional software and 
materials related to computers. The hardware was available. 

We had three different kinds of computers . . . None oi 
those computers was compatible with each other in any way. 
The software was not compatible. ^ . 

There was also lack of evaluation data on the CAI theories, 
methods, effectiveness, and costs. 

Wh^n the project funding ran out, the computers were placed per- 
manently in the schools and are still in use. A long-term riSF grant 
for the Oregon Council on Computer Education did allow teacher 
training and materials development to continue, and a publication 
called "Oregon Computer Teacher" still is published, with nationwide 
subscription support. ^ 

The witness then provided a few key statistics on computer costs — 
comparable coniputmg power available now costs one-tenth of 1960 
expenditures — and school use of computers. l)ata derived at the North- 
west Regional Educational Laboratory for a six State area — Alaska, 
Hawaii, Washington, Oregon, Montana, and Idaho — indicated this 
school use of computers for instruction ^ 
I 

(In percent) : 
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Note. By 1982. it t} anticipated that the 6 Northwestern States will have 96 percent of their scho(fl. districts usini com- 
puters fo' instruction or administration. 



Dr. Edwiirds then turned to a more recent experience, in Alaska, sup- 
ported with matcliing funds from the National Institute of Education 
and the State legislature. This project, beginning its third year or 
operation, is illustrative of the versatility of advanced* technologies 
and those who strive to employ them. Excerpts from Dr. Edward's 
testimony reveal a spectrum of uses: 

In an Eskimo villiagc 200 miles above the Arctic Circle in 
Alaska, two teachers supervise the education of 23 elementary 
and 5 high school students. The temperature outside is 
-:V2° ... On the roof of the small frame schoolhouse ... is a 
"dish" that receives signals from RCA's Satcom satellite. In- 
side, while the lone high school teacher gives a lesson in con- 
sumer mathematics to four of the students, the fifth sits at a 
space age computer terminal, watching a screen. 

A school superintendent in Adak, an island (550 miles west 
of the tip of the Alaska Peninsula, receives a message at the 
computer terminal that an important workshop will be held 
in Anchorage on teaching langiiagc skills to hard-of-hearihg 
primary children. By the end of the day the superintendent 
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' has ma,do arrangements for travel and notified the workshop 
sponsor, by a computer message, that two teachers will attend. 
^ In an» Athabascan Indian village on the Yukon River, a 

comtnittee of parents and teachers has been working on im- 
proving the .qurriculum. It has identified social studies in 
. ^ grades 4 tb 6 as a problem area, because the conventional texts 
; and matorials have little relevance to village children. They 
• need' resources ... So a trained operator in their school of- 
fices searches stored information in the memory of the com- 
puter in Juneau [950 miles away], available through a tele- 
phone call. One by one, abstracts appear on the fjcreen, and 
those (hat look promising are printed on the attached printer. 

The witness t-lien stressed that combinations of telecommunications, 
. niicrocomputers, and sometimes radio were required in older to pro- 
. vide the services i'desperately, needed in bush areas.'^ Pilot testing of 
two courses on English and Ala.ska hi.story to be delivered in the fall 
' . ^^^^ mentioned, as was the "heavy involvement on the part of 

Ala.<5ka educadors and users in the selection of the courses, goal estab- ^ 
lishment, review arid te.sting.'! Dr. Edwards, after noting that "packet- 
switc^hed networking such as Telenet is bringing telecommunications 
* coFt.^ down to more affordable levels," concurred with Dr. "Smith's 
earlier remarks^ that we "must find new and innovative wava to use 
telecommunications otJier than just presenting a talking head on a tele- 
. vision screen." Returning to her^earlier testimony, she stated that most . 
of the obstacles which were present In the Oregon comi>utei' instruction 
network project 1,5 years ago e.xi.st now ; in particular she talked about : - 

* * * an urgent and continuing ne-^d to train teachers and 
administrators. 

The need for adequate instructional software and matei ials 
certainly still exists ♦ ♦ ♦ Tljere are a few .successful and 
expensive, fqr the most part, CAT systems available such as 
the PLATO system. 

[She then referred to a cataloer called "Robert Elliott 
Purser's Reference List of TRS-80, PET and Apple IT Com- 
puter Ca.ssettes" which, while featuring comprehensive list- 
ings for these three popular microcomputers, offers the caveat 
that "95% of all the procrrams listed in this magazine .should 
never have been offered for .sale."] 

Standardization is 'still most urgently needed . . . 
Although the common use of program laniruages such as 
BASIC and PASCAL has allowed some limited transporta- 
oilitv <>f software, every machine use<5 its own dialect of 
BASIC requiring adaptation. 

Tho development of CAI lessons and courses is by far 
the most expensive and time-consuming element of the hard- 
ware-^ftware-coursewarc package. Thus, wide dissemination 
depends on schools being able to share materials developed' 
elsewhere without massive modification. 

piting an "unprecedented increase in the need for information, sup- 
port and technical assistance on tfie part of teachers and adminis- 
trators," Dr. Edwards described a currenti project under the aegis 
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of the Northwest Ro^^ional Ediicational Laboratory to design and 
plan a CAT clonrinpaoiiso at the precollege level with NIE support 
In closinir. the ^ritnoss stnted that "computers will be used in 
schools, whether or not there lias been adequate research on the psy- 
cholocrical and social consequences, and whether or not CAT materials 
of hiirh quality and hinnanitv are available." She aj2:ain touched on 
the dramatic decren.se in hardware costs and the continuincj high cost 
of personnel and materials. Her second point dealt with the CAT 
software availability problem, for which she had three suggestions: 

1. Funds for researcli and development are needed to stim* 
ulate and support new work and to build a pool of available 
materials. . 

2. * * * Funds for widespread dissemination of demon- 
strated successful CAT are needed as well as for research into 
models for effective dissemination of appropriate technolo^ry. 

3. * * * standardization of hardware and programing 
languages at the Federal level if widespread sharing of 
materials is ever to l>e realized [is needed]. 

And finally- the witness urged that attention be given to "providing 
practitionei's and users in schools with the advice, information and 
technical assistance they need to effectively implement the use of 
computer teohnolocry in improving education," which mi^rht be ac- 
complished thro!igh "centers of excellence where advanced R&D can 
l)e carried out." 

A brief exchange ensued between Representative Brown and Dr. 
Edwards, during which it was stated by the latter that she would 
rocoinmend "a continued. substantial role for the NSF in providing 
funds and^ hOme effort at bringing about cop^'dinated policies" within 
this area. Dr. Ostenso then raised the question of "evaluation 
strategies," asking: 

Doe.s this type of evahiation have the same problem as 
determining qiiality materials for dissemination, that is 
evaluation models or criteria must first be established for 
determining what constitutes effective or quality materials? 
Are there some validation techniques that have been used in 
education progran^s that might be applied? 

Xoting that more sophisticated techniques are needed than are now 
generally available. Dr. Edwards emphasized that "There has not 
been a lot of attention paid yet in how to evaluate the effectiveness of 
CAT simulations." Dr. ^lolmfeld then recalled having seen the 
PLATO system demonstrated on Capitol Hill eight years ago,"^ and 
askod why it had not seen wide application. The reply focused on the 
systen/s costs which were judged to be "prohibitive" for the Alaskan 
project. 

Asked by the Chairman about computer versus transmission costs. 
Dr. Edwards told him the PLATO system had cost $2 million the first 
year, and $1 million per vear thereafter, "the majority of which was 
comi:umications costs/' Cost considerations have not kept a few pri- 
vate firms from taking initiative.^ in the educational technology area. 
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sho commented in response to a question from Dr. Hohnfeld; in fact, 
tno Apple Computer Company has "established a foundation which is 
providing equipnient for schools, fq that thev can develop software " 
Dr. Plolmfeld subsequently talked about the Subconunittee s review 
ot an .Nbl^ curriculum which utilized filinstrips. movies, and nroiec- 
tions-costing about $2.000-and a>ked for ^ comparison of this capa- 
bility with various CAI resources. Dr. I^dwards replied that: 

It's a literacy difference, and I (\oi\i know if it's a qualita- 
tive difference. The man on the street, the teacher jji a class- 
room, can deal with film.strip.s. Thev took audio-visual aid.s 
as preservice training:, and they know how to handle a film 
projector, but they don't know how to deal with a computer 
because they did not take a coui-se called," The Computer as 
an Instructional Tool." 

The discussion then turned to the quality of teaching talent, with 
Dr. Breton asking: whether there is "a need ta.attnxct more talented 
teachers and could the sophisticated use of computei-s be used as an 
incentive" to that end? The witness a^rreecj that ''not every teacher 
can be a prood developer of instructional materials" and went on to 
say that the computer "will bring some talented and creative people 
back into the teaching profession.'' T„ resi)onse ^o Dr. Ziman's siig- 
gestion that standardization of equipment might be effected through 
State level initiatives. Dr. Edwards said that some had tried; e.ir., the 
Minnesota Educational Computing Consortium issued a coinpotltive 
bid which was won by the Apple microcomputer, but some schools 
still are purchasing other units. '-There is no mandate saying they 
can only buy the computer the State has recommended." 

Dr. Robert Hornik. as.sociate professor at the Annenberg School of 
Communications at the Univei-sity of Pqunsylvania, wa.s then wel- 
coined by the Subcommittee as the liext witness. Stressing at the out- 
let of his testimony that his primary concern' 'iias been with more 
conyentionnl technologies . . . like "radio and television and their 
application to the information and education problems of less devel- 
oped countries." the witness i)ointed out that in tlevelopment programs, 
communication can extend beyond "the message-carrying function 
that is their technological character." lie pointed out that the role of 
coiniiiunication technology may be to "replace a voice of inadequate 
(juality. or be the voice where none exists.*' 

After mentioning an experimental program, supported by AID, of 
daily affricul'ural radio broadcn.sts begun in 1073 in Guatemala as an 
example of the former role, he then discussed at greater length a 
project ij, Kl Salvador (in the late 1960s) where instructional televi- 
sion would "provide the voice of the master teacher in the classrooms 
■at the boventh throuj^h ninth grade level. This AID-.siipported en- 
deavor resulted in tlie quadrupling of eni-ollment in those grades 
within ten yeai*s. It should be noted that the winninj; candidate for 
the presidency of that nation had chosen educational reform as a ma- 
jor cami)aign issue. Such endoi*sement often adds chari.sina to .such 
a social or educational service initiative. Al.so. the very nature of 
sophisticated infornmtion technology can result in it beino- viewed 
as having a "potentially se.xy innovation in education." 
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Dr. Hornik then cautioned that : 

An innovation in an educational process can be excellently 
conceived, and successful in affecting learning outcomes in 
its early use, yet, over the long haul, fail to maintain that 
succcvss. Te4icher retraining a.s a route to improved classroom 
instruction may suffer this fate. 
' The burden of "maintaining the changed environment," as in the 
AID-sponsored Radio Mathematics experiment in Nicaragua, can 
be lessened for the teaching cadre : 

Once the curriculum was complete, although modifiable, it 
represented a substantial obstacle against backsliding. It 
[the 30-minute radio broadcast] was there, every day, in the 
classroom, structuring tlie matlieniatics instruction. 

T'^us, the witness explained, such technology when applied directly 
"can provide a backbone to both organize and maintain change in a 
resistant environment." 

Another critical factor was detailed by Dr. Hornik, as he shifted 
his focus to more sophisticated information technologies: 

On the one hand if the technology is accompanied hy good 
software, there is no great worry about distortions in the 
implementation of the curriculum over time as with teacher- 
dependent innovations. On the other hand, the individualized 
character of much of the proposed use of Computer Assisted 
Instruction and other applications of the new technologies, 
works against the maintenance of the pace of the group which 
is an advantage typical of broadcast technologies. There is 
the risk that the sense of a community of learners, reinforced 
in tlieir own efforts as they move through it all with others, 
may be lost. 

Noting that in developing countries the more affluent cominunities 
receive the better teaclier, textbooks, and facilities, Df . Hornik pointed 
out that communication media can provide "universal access." He 
then observed that "the inequalities in resource allocation are less 
extreme in the U.S.,*' as compared to many (Jeveloping countries. Also, 
financing i.ssues will Ito in the forefront as scai-ce resources cause gov- 
ernment authorities, expecially at the local level, to make choices. 
Hardware purchase and maintenance and the acauisition of costly 
software will be problems, even if Federal money becomes available. 
Next, he i-emarked that some "people assume that f>oon everyone will 
have their home information utility," but "Some will have better con- ^ 
d it ions at home to make use of the machine" than others. 

The potential of the technology is but one influence — the 
existing Fchool r ructurc will constrain the use; existing eco- 
nomic and social conditions will condition the timing and 
effectiveness of i:se. We may b6 able to design a way around 
the "natural'' inequality of l>enefit associat<S with now tech- 
nology, but the precedents aren't optimistic. 

Tlie succeeding portion of Dr. Hornik's testimony was on communi- 
cation as improver of quality, and he commenced by talking about 
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"distance oducutipn." Tsinfr tlio British Open Tnivorsity and the Is- 
raeli EveryinairsTnivorsity as oxainplos. lie >poke of Iiow correspond- 
ence, textbooks, written assignments, television, and radio are com- 
bined with some face-to-face instruction; the Dominican Republic's 
Radio Santa Maria which offers equivalency decrees is another useful 
example of the use of technology. Dr. Ilofnik then pointed out how 
curriculum writers "were forced to think throufi:h the learning process 
at a level of detail that had never l)een required before in otht words 
he said, "They were themselves responsible for defining a complete 
educotional package." A future foc\is must be on "imi)roved instruc- 
tional design," as «:timulated by the introduction of now information 
technologies. Reference next was made to the "Radio Mathematics 
project" in Nicaragua, made possible by the NSF-funded work of 
Patrick Suppps and Richard Atkinson who developed an innovative 
CAI-type mathematics curriculum that was later implemented in re- 
vised form by Computer Curriculum Corporation. 

Dr Ilomik turned to the role which communications technologies 
can play, and «jiid that the success of a program "depends on what else 
is done along with the investment in communication technology." The 
degree of itolitical commitment can be crucial, as in the El Salvador, 
Niger, and Nicaragua i)ro]ect.s, the fii-st of which had strong support 
but the other two have questionable futures. As regards analogous 
situations in the United States: 

* * ♦ information technology may be viewed as an outsidei-s' 
innovation. Without political commitment behind its imple- 
mentation at the federal, state, or le.^s fea.sibly, at the local 
level, it will not penetrate the naturally re.si.sting barriers of 
the local school system. 

Ilis ne.xt topic dealt with software and its creation : 

Without proper incentives there is no reason to believe that 
private enterpri.so or the scholarly community will produce 
adequate software for use with the new technolog.V. The hard- 
ware cost may drop precipitou.sly, but thei-o is no reason to 
believe that software development costs will drop at all . . . 
where will the incentives be to create innovative software? 
Will profit be a sufficient motive? Not unless there are federal 
funds to .^uksidizo research and development ... All of the 
major research and development of computer assisted instruc- 
tion has been substantially underwritten by federal sources. 
The witness then reminded his listeners that communication tech- 

nolog^' "must also serve a genuine need" rather than being imi)0.sed by 

authority without convincing the ultimate u.sers of its value to them. 

The social context within which such technology is used drew this 

comment: 

Wliat are the j^roblems we are trying to .^olve? . . . what is 
the character of our failures— are they those of poor teaching, 
or inaccessible resources? Tf thev are. then new information 
technologies may have promi.se. If on the other hand they are 
a function of what the child or adult brings to the educa- 
tional activity, or the social context in which the activity oc- 
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curs, or the porreived rewards for successful completion of the 
activity, perhaps the role for technological fixes is less prom- 
inent. 

Many aspects of the educational culture probably will chan/je in 
tho veiii-s ahead as information teclmolo^ry is further tested and uti- 
lizoiU e.specially in such areas a^ adult edr.cation (or "lifelong leani- 
ing This, however, requires "extraordinary motivation," said Dr. 
Hornik. and the problem of access to terminals in the home or other 
external locations, because of exirting inequities, "will lead to an ex- 
acerbation of effective information gaps, and not their reduction." 
One attraction, of existing adult education classes is the social char- 
actor of their arrangement, whereby people can meet together. 

In his tinal section of testimony. Dr. Hornik asked "How does one 
determine just what the actual i)otentiar' of communication technol- 
ogy is, and commenced by saying that ''short, highly controlled field 
ox}>eriments*' should not bo relied upK)n exclusively. "The real question 
is how the institutions which will house the Information technol- 
ogy . . . will fit them into their ongoing operations. How will they 
Iw us4h1 wlien everything else is left to vary?" He urged looking for 
spcuMfin ronsequencos : 

Wo should not be concerned with the role of information 
techuolog;y in all of non-formal education, but the potential 
role* for such a technology in meeting a particular need— for 
example, in the provision of qualifying skills which might 
ease the ent ranee of urban youth to the job market. 

In iinal \ /.ing thi.s, or an\ MU'h problem, then* are three questions, none 
of them new, said Dr. Hornik, which must be asked: 

• How does one create a new learning process which will fit 
better in achieving skill mastery? 

To what institutions should the program ho iudced? 

• What demands in time and in attention can be made suc- 
cessfully? 

Aud final ly» closing that circle, of reasoning: "What specific interac- 
tions with the machine and with human sources, and under what cir- 
oumstancoh are [theyl likely to prove worth\^h!le?" Evaluation, the 
witness oniphasizedf must take place in a "number of settings" and 
should have "no quickly su'umative character." 

Rather it should describe the social history of the innova- 
tion — how it worked and how it was changed in implementa- 
tion, and what about it had what consequences, and what it 
looked like five or eir^ht yeais after it had been adapted and 
found its place, or failed to find its place in each o\ the sev- 
eral settings. 

In response to Representative Bix)wn's hope that television could 
help prnvide lifelong learning, "with the possibility of considerable 
market economjes,'' the witn^^ss said that "It depends what your ex- 
|)octations ai-o . . . no technolog\' will get around the problem that 
motivation i primary: souieone has to have a clear incentive for par- 
ticipating.'* At this juncture he returned lo his concern, based on ex* 
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I>crienco, that (lM\il\antJi^re<i societal groups "are not ^roino: to stick 
witir* inulti-lcssou i»()uiik\s. The Chainnan and the witness then rlis- 
cu^hI the SITE pro<rrain wliicli sorvoil 600 Indian villa^res. The e\ al- 
nation of this en* oavor reveal wl stron«rth in its adnnnistmtion and 
\m of hardware, hut lof?s value in the courseware used. Dr. Ilornik 
I>oint4^<l out that what the evaluation "said more than anythiri<r else 
wa8 not s() much that poople lejirned a lot, hut that they pai1icipa;t<»d.'' 
Dr. Ostou'^^o next asked a soi^ie^s of quCvStions rc^rdin*; the neeu for 
lonp-tonn evaluation in this area : 

Where do you fool the Federal responsihility ou^ht to be? 

Should it bo in education, science, or behavior and under- 
fJtandin^^of nu^toi^ influencing^ le^irning? 

Should education addro>s ohjective^ as well as to <xet suc- 
ce,<< { 

Cn'mix Jipiin the example of urban youth trying; to qualify for entrv- 
levcl jobs in factories, without havin^r the functional skills,'Dr. Ilonuk 
undoi-9core<l the importuncp of inulerstandin^r the problem "and how 
one can solve it with the new and old technologies plus anjihin^r wo 
can ihink of . . . try to develop a solution and then evaluate and see 
how it works o\er the lon^x run rather than >tart with the technolo^rv." 
And in nnswerinjr Dr. 0>tcn.soV final query as to whether federally 
funded |Mo<riams should ''alwavs im-lude an*e\jiluatii)n function Imscil 
on objectives," he indicated two types of evaluation, that which is 
'Nlcsi<rned to <ret an answer in a \car and a half (andl forces people to 
^'^mtrol thin<r^ thev oujrht not to contror' and that which shows "how 
the whole institution chancres/' 

The concludin^r segment of this hearing featured a "grass roots 
panel" comprised of: 

Dr. Allen Lefohn, Chairman, Western Information Network 
on Energy, Helena, Montana. 

A. Stanley Corey, Superintendent, Irvine Unified School Dis- 
trict, Irvine, California, and Professor Mitsuru Kataoka, Dickson 
Art Center Video Laboratory, University of California, I^s An- 
geles, California. 

Dr. Nellouise Watkins, Director, Computer Center, Bennett 
College. Greensboro, North Carolina. 

Ms. Colleen Cayton, Development Officer, Denv3r Public Li- 
brrrv, Denver, Colorodo, 

Edward K. Zimmerman, Deputy Assistant Secretary of Com- 
merce for Communications and Information, and Deputy Admin- 
istrator of the National Communications and Information Ad- 
ministration, and Mrs. Kathleen Criner, Program Manager, In- 
formation Technology Program of NTIA. 
The full, formal statements of these participants, plus certain selected 
papers submitted for the record by them, are found in published hear- 
inps documentation."* 

Mr. I>»fohn opened his commentarv b\ stating that he wished to 
focus on "the transfer of technical information from the data gener- 
ators to decisionmakers and the general public." In discussing two 
information systems— one at the state level and one of a regional 
nature— he stressed that "the identification of the problem" is often 
overlooked. The first endeavor to be described by the witness involved 
the Montana Energy Information Transfer System, developed over 

^3 Information and Communications Tochnolocy In Education, p. 144-250. 
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U.J yoftr? aiul t\in<r top^tluM* .*>0 libraries of the State of Montana 
intcrlibrary loan system with the State energy office, the State library 
in Helena, and the library at the University of Montana in Missoula. 
Three types of information may be obtained from this system by goinp 
to a local library: (1) a general bibliographic item, (2) a general 
research searchv'and (3) additional information on energy research 
prelects. 

Next, ho described the Western Information Network on Energy 
(WIXE), which was formed in 1977 to tio together the energy infor- 
mation groups in the Rocky Mountain Western States. Approximately 
19 States and 350 people now belong to this voluntary organization, 
which Mr. Lefohn referred to as a "people-to-people network" and 
which is funded by contributions from its membership, lie noted that 
"outreach'' mechani.sms have lx»en formed within government, as in 
the cases of the Department of Energy's Energy Extension Service 
and the Department of Agriculture's Outreach program. All of these 
efforts are meeting a need, filling a gap. 

lie pointed out that the American Society for Information Science 
(ASIS) has created a new Special Interest Group on Energy and 
Environment Information, which he will chair. Its intent : to "focus on 
creating seeds for regional information sharing organizations similar 
to WINE." Mr. I^fohn explained that these are low cost systems; the 
Montana Information System was funded with $390 from the Gov- 
ernors oflice. plus donations of various person.s' time. 

In conchidinir his statement, Mr. I^fohn supported the concept of 
the proposed Commission for three reasons: 

I believe that some form of round table is needed in order 
to bring together those agencies and tho.se organizations that 
have an interest in technical information outreach. 

I would like to see the Commission focus in on how we can 
better develop more viable mechanisms for transferring tech- 
nical information from the data generator to the people that 
need it at the local. State, and Federal levels. 

I would like to see the Commission focus in on how to get 
the information to the general public—the people who pay 
our taxes. 

Beforo ralliufr upon the next witness. Repiesentative Brown noted that 

he "wouhl like to see much greater emphasis placed on the utility" of 

(ho networkinrr concepts described. 

Tn intmducin^r hi> coHoairi*". A. Stanley Coroy. Professor Kataoka 

informed the Sulx^omniittee that : 

During the past several months the Irvine project team has 
created 'x plan to develop the ultimate wii-ed community in- 
cluding interactive computer pro<rramina and information 
services, potentially reaching every home, everv school, busi- 
ness, and public aqfoncy of a planned coninninitv currently 
with a .nO.OOO population and projected for 200.000 plus by the 
late lOSOV. 

Mr. Corev then proceeded to de^ribe the Irvine proiect which had 
a nhilosophical ha-^e which implied that "in the application of tech- 
nolog\' to the T>robK'ms of education there has Iwn too much big-brain- 
little-brain thinking:*' 
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It is our assumption that all learners have things to contrib- 
ute to their own learning and to the learning of others and 
that if we )ook in the larger context at America's social prob- 
lems, our concern is not one of failure of education in a tech- 
nical sense. It is not one of a failure of education in the infor- 
mational sense. If there is a failiiro, the failure lies in the 
ability to produce self-actualizino;, thinkingyoung people who 
believo enough in themselves to look into an area of interest, 
gather what data they can, reach some decisions about what 
should happen and then have the courage to act. 

He then outlined the conceptual basis from which the Irvine In- 
teractive Video System proceeds, statins^ that "productive learning 
and information exchange take place when communication tcchnol- 
ogy provides: 

1. Economical, one-to-one interaction among leamers and 
teachers; 

2. Accoj^sibilitv to information resources beyond the physical 
limits of the school site : 

3. Personal control of and responsibiilty for the learning func- 
tion, influoncod by choice of time and access to comparative infor- 
mation resources resulting in true mosaic inputs; 

4. Fluid time with a personal rather than a mass or group con- 
straint upon the traditional idea of elapses at scheduled times. 

The program in the Irvine Unified School District reflected its 
creators' conviction that "communication technologies need to l)e re- 
sponsive to ideal democratic, social processes. A two-way cable tele- 
vision system utilizing ine\ nsive consumer software was developod 
during the past five years, with a capabilitv to link 17 of the 21 schools 
in that district with the public library, city hall, and the University 
of California at Irvine. Mr. Corey explained that the system is "de- 
centralized," so each school can transmit its own video signal over the 
two leased channels and thus share Its resources with the other schools. 
The priniui y function of such a "docentralized democratic ronimunica- 
tions network,'' in the witness's opinion, is: 

... to move away from the traditional one-way program- 
niing where the viewer receives passively whatever is on the 
air. A far more dynamic use of the medium to create an active 
pailicipatory system where the viewer and the originator 
communicate in real time, where the viewer has an equal re- 
sponsibility for the content of the program and where the 
role<; of e4ich pai'ticii)ant nuctuatezl)etwexM> reception and crea- 
tion in a fluid, continuous mo<le of>nteraction. 

Mr. Corey then broadened his discussion of such a system's potential, 
including its use on a city-wide basis. In this vray, the needs of "special 
populations"— the disabled, the aged, youths with transportation 
problems, educators, industries, public organizations— could be better 
served. Siniple "access protocols" have been developed which allow 
users to switch from one school to another by using oral commands. 
Each site can originate programs, he pointed out, but "no site has the 
technical capability to eavesdrop on another's without prior acknowl- 
edgment." 
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Tho testimony next set forth tho various ways in which users of this 
system can utilize its capabilities; an encapsulation of the major uses 
shows: 

Teachers — use tho system for service training, exchanging ideas, 
offering mini courses, team teaching in basic SKills, and role play- 
ing in developing values. 

Administrators — conduct administrative meeting without leav- 
ing their schools, bring in experts, and offer occasional program- 
ing to the community to showcase special school programs (e.g., 
achievement test results are reported to the community and ques- 
tions arc received via telephone). 

School psychologists — conduct guidance clinics and answer 
qucistions by phone, hold weekly meetings to coordinate continuing 
programs which are at nuiltiple sites. 

Students — use the system to sliare ideas, projects, .special re- 
search, hobbies and learning games. 
It should 1)0 understood, the witness told his listeners, that: 

Students aro in complete control of the system from organizing 
and planning programs,^to setting up, onerating cameras, micro- 
phones, video tapes, channel selectors, ana sicnal modulators. 
The technical apparatus, ''simple enough to be understood and operated 
by 8-year-olds,'' is "extremely durable and maintenance problems aro 
kept to a minimum." 

IIo then described a joint effort, in the spring of 1078, involving tho 
school district and Control Data Corporation to explore potential uses 
of two-way interactive cable TV and PLATO, the sophisticated com- 
puter education system being marketed by CDC. Stating that tho com- 
puter *'adds an entirely new dimension to live two-way dialog," Mr, 
Core\ offered the opinion that "the combination of the two technologies 
•;an provitle expanded information and education resources not only for 
the school district hut for the residents of the community as well." 
Plan> for the future include ^'.^xpanding the walls of the classroom into 
the community via electronics," and within that context efforts are 
being made to establish a consortium which would involve the scliool 
district, a nuijor infonnation supplier, a major newspaper, a major 
computer organization such as CDC, and the local cable operator. This 
will 1)0 a '^profitmaking venture." 

After commending to tlh» Subcommittee a sample "Interactive Video 
.^che.hile^' which appeared in his written testimony, Mr. Corey com- 
mented that the Irvine Unified School District often had been refused 
Federal grant money because "we already had an operating system." 

I am suggesting that if this Is to be tlie reward structure, 
then such grant smanship will not great iv facilitate those who 
exercise initiative and wish to be operational at an early time. 

After Represeniati\e Browns comments regarding the "special cir- 
cumstances" (i.e., a planned community situation, with unique rela- 
tionships in some instances) and his question regarding the cost of 
the system, the witness replied that the capitalization came solely from 
school budgets, at a cost of about $1,600 per school which has now 
risen to $.3,000: approximately $28,000 is invested annually in cable 
lease and $70,000 in personnel. 

The third panelist. Dr. Xellouise Watkins, initially talked about 
tho disturbing drojj in both verbal and mathematics SAT scores, noting 
that ".The alarming statistics cut across boundaries of socioeconomic 
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background, race and sex/' After alluding to the numerous liours lost 
(by children) to watcliing television, she identified for the Subcom- 
mittee the three phases through which education in the United States 
has progressed, as originally defined by Francis Keppel : 

First phase— the development of a system of universal edu- 
cation ; 

Second phase — the concern for the equality of educational 
opportunity ; 

Third phase— the current emphasis on quality in education. 
In regard to the latter framework, the witness pointed out that ; 

Central to the realization of quality education on a univer- 
sal basis is the development of inciividualized instruction 
tnat tukes into account the groat human diversity in cultural 
backg^und, styles of life, values, goals, motivation, mental 
abilities, and personality of students. 

Limitations on individualized instruction mav be overcome in part 
by the use of computer, which can also be helpful in curriculum 
management. 

Dr. Watkins then related a research undertaking conducted at Ben- 
nett College. "We wished to ascertain if use of the drill and tutorial 
fapability of computer admini?tered curriculum materials could meet 
individual needs without sacrificing course content.'^ Specifically: 
soucrht answers to questions by investifrating factors 
such as SAT scores, time and motivation on the removal of 
basic skill deficiencies, a systematic presentation of computer 
managed courses, an optimal 'di\ision of the time that should 
bo spent between the teacher and the terminal. 

• We investigated which units of fresliman Knglisli, 
inatlieinatics and reading are most applicnblo to the i-opetitive 
capability of the computer in assisting learnings. 

• Wo investigated the developn:ent of curriculiuninatcrials 
by our own facilities. 

As a result of work with control and experimental grouDs, with pre- 
and post-diagnostic tests administered to each, there was a "signifi- 
cant difference in error reduction using the teacher-technology com- 
bination as compared with the traditional approach of teaching Eng- 
l^h^d mathematics." Tlie time proportion of two classrooms for one 
_Ihb session produced the most effective results, and countered the belief 
that "advantages of the computer to assist in instruction are dependent 
upon 1-to-l correspondence with lectures and experience in the class- 
room." 

One conclusion which may be drawn, Dr- Watkins said, is that CAI 
appears to have too many advantages to reject its contribution toward 
the solution of some of the problems confronting the educational 
worid Wlay." She went on to say that much of the CAI-related re- 
search has been with minority groups, but that for "many institutions 
of higher education this would not represent the majority of students." 
Educational programs should serve the gifted as well as the disad- 
vantaged, and in the latter instance the individualixation of instruc- 
tion "is no longer an option, but a necessity" for meeting the challenges 
of our time* 
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Tho ostublishment of a national Coniniission, the witness sai^ is 
*iong overdue/' and the need for computer-based techniques to assist 
in tho learning process is evident. Better instruction can be effected 
througli the maximum use of computer technology, but in addition: 

Teachers must l)ocome computer literate and develop mini- 
I lun computer skills if our young people will be influenced to 
ju^hievo these skilly. 

> Special training prograins, conferences, "how-to" tech- 
niques, assistance in acquiring hardware, emphasis on de- 
velopment of curriculum materials are but a few of the urgen- 
cies necessary to keep us the strongest nation we must continue 
to be in education. 

In closing. Dr. Watkins told of NSF funding a regional conference 
for minority institutions in tlie inid- Atlantic region "with the goal to 
teach faculty in those institutions how to develop curriculum mate- 
rials which can then be used by all of the contributing: institutions." 

The prosentiition by the next panelist. Colleen Cay ton of the Denver 
Public Library, commenced with her referral to the recent Arthur D. 
Little, Inc. report on "Passing the Threshold into the Information 
Age.'' Prepared for the National Science Foundation, this study 
categorizes information activities into three "eras:" discipline-basea, 
ini.ssion-ba.se(\ and problem based. Illustrative of this organizational 
approach is Figure 12 (below) taken from that study;"* although 
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tho emphasis is on scientific and technical information, the broader 
ramifications are apparent 

The witness stressed that ^^What we have now is a tremendous need 
for era 3, because we are already in it and we don't have ... a prob- 
lem-solving information system." 

Observing that public librarv personnel seldom have an oppor- 
tjinity to apjKjar before con^rressional committees, Ms. Cayton stressed 
the point that "the public library represents a natural resource which 
is tremendously underestimated, underutilized and certainlv under- 
developed.'' She went on. to say that : 

* * * the failure to nurture this institution [has] con- 
tributed to tho problems that you are focusing on here, the 
peoples unmet needs for information. The pressure we are 
feeling for that information sim])ly can't be overlooked much 
longer. 

Stating that "the public library is one of those logical places to solve 
these information problems," Ms. Cayton reminded the Subcommittee: 
We already exist Wo have the facilities, we have basic 
resources, wo have manpower. Perhaps we need additional 
training . . . but I think we are working on that. 
Turning to evidence of a new awareness on the part of the library 
coirnnunity toward such matters, she referred to the issuance of an 
entire issue of the "Library Journal" ^vhich focuses on information- 
related issues, an then talked about the forthcoming White House 
Conference on Library and Information Services."^ 

As regards tho bill proposing a national Commission, she expressed 
(lisappointnient that "tho bill does not mention the public library, the 
only institution in our society that is dosignod to serve the educntion 
and information needs of the public." Admitting that "we are feelinff 
the elTects of information technology ... and of H public that needh 
to know how to use it," the panelist then told her listeners that : 

It is our responsibility to help in that educative efFcrt . . . 
to use every technology available to us to make sure that peo- 
ple can get their hands on what they need to know when they 
need it. 

After mentioning several uses of computers by the Denvei Public 
Library— recordkeeping, locating books, automated circulation—she 
told of the working relationship with Dr. Lefohn, saying that the 
\\ estern Information Network on Energy was a "direct outgrowth" 
of the Keeional Energy Environment Information Center established 
as Denv.M- Public Library in 1977. This latter activity provides infor- 
mation on enerfiry and tlie environment to 10 States in the Rocky 
Mountain area. Fundincr is derived from four Federal agencies: 

1. Department of Enerory-~this agency provides an FTS tele- 
phono line to permit "collect" calls from the 10-State area, and 
also provides a computer terminal. 

PP*U^"o2m"''" America. Library Journal. Kew York. Bowker. Sept. 1979. v. 104 
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2. Environmental Protection Agency — this agency, as part of 
its Section 11 activity, seeks "public participation . . . because 
unless people have information, they cannot oe expected to par- 
ticipate in the decisionmaking processes." 

3. Department of Agriculture — this agency's focus is "to market 
the fact that energy/environment information services are avail- 
able." 

4. Bureau of Land Management — this agency has funded the 
Center "to help meet some of the research and raw data require- 
inentj; of hJjM pei-sonnel." 

Ms. Cayton next talked about a proposal pending before the White 
House Conference on Library and Information Services as well as the 
AVhito House Conference on Small Business. A separate program 
would bo initiated to meet small business information needs. Based on 
tho findings of a recent Department of Agriculture contract to study 
the needs of the small businessman for various kinds of information, 
tho Denver Public Library system would obtain, store in computer- 
ized fonn, and make accessible selected information for the small busi- 
nessman, and show him how to use such resources. Another proposal, 
for the National Endowment for the Humanities, calls for an "info- 
oxpo" project "to focus people's attention on the fact that information 
technology exists." This is part of the "motivation" factor discussed 
before the Subcommittee by other witnesses. Another facet of this pro- 
posal is to take an old bookmobile and "stock it with the innovations 
we can get our hands on, information technology specifically." An- 
other experiment would be to take a branch library sclieduled for clos- 
ing because of budgetary limitations and convert it into an 
px])erimental lab "to serve as a learning resource center for computer 
technolofries and skills." A final endeavor described by Ms. Cayton in- 
volves bringing telecommunications to Denver Public Library; this is 
a gerniinal project looking at the potential of computer teleconferenc- 
ing, with assistance provided by the Martin-Marietta Corporation. 

In closing, the panelist informed the Subcommittee that: 

Wo are looking very hard at the structure of a library or- 
ganization and how it may have interfered with our functions 
and progress. Tho public library exists to serve information, 
education, and recreational reading interests and yet it is 
organized to serve Dewey decimal. I don]t think it is going to 
make it. A total reorganization of the library so that struc- 
ture represents function is in order. 

After thanking Ms. Cayton. Representative Brown assured her that 
in iTgard to the potential of libraries, "we will not omit that from 
any legislation that evolves from this committee." He then mentioned 
that when : 

I went to the UN Conference on Science and Technology 
for Development in Vienna; one specific proposal that I took 
for discussion was an initiative by the United States in fund- 
ing of library centers in underdeveloped countries. This is 
the most important thing that we can do for them and I sin- 
cerely believe that this can be the nucleus for the develop- 
ment of their information systems. 
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The final panelist, Edward Zimiucnnan, attested to the importance 
of new information technologies which ^niK continue the chain of 
impact? begun by t^ho telephone, radio* antltelevision. Ho noted that 
while there are several "Cadillac" systems— ERIC, NIMIS, MED- 
LINE, anc? the New York Times Information Bank, for example — 
available, they reach only "a sniall segment of our society." His focus 
would be on*tho Model T" of the information era~videotext, "a 
system for delivering text and information services into the home 
using the television as a* display device," Mr. Zimmerman enumer- 
ated many of the uses of such a system : 

• seo local weather predictions 

• compare grocery store pi icos 

• chock train schedules 

^ obtain advico on how to jiclect u car 

• pay a bill • <^ 

• vote 

• send a birthday greetinjr . 

• (lotenhinc which Government agency is resjwnsiblc for 
what 

• file a cx)mplaint 

"Videotext technology is here now," he stated, and "it will be imple- 
mentc<l on a national scale over the next decade." He continued by 
noting where such systems \TOrc being tested : 

In Britain, the British Post Office has 1,000 video text- 
adapted television sets in place now. 

France has announced its intention to place a videotext 
receiver in evoiy honje ovei* the next decade. They estimated 
that it will be cheaper to place a videotext system in every 
home than to publish and distribute paper telephone direc- 
tories for the next 10 years. 

In Canada, the Department of Communications, in coop- 
eration with Bell Canada, has announced that a pilot project 
involving 1,000 terminals will be initiated in Toronto, On- 
tario, this year. 

The Green Thumb project in this countrv, co-funded by the Depart- 
ment of Agricult uro's Extension Service and the Department of 
Commerce's National Weather Service, is being conducted by the Uni- 
versity of Kentucky. It is' aimed at "delivering crop and weather 
information to farmers in rural areas," and the first test group will be 
200 fanners in two counties, each with a vidootext-adapted TV sot, 
which will u?e and evaluate the system for one year. 

Private sector Organizations planning or testimr videotext projects 
mclude A.T.&T., Knight-Hidder newspapers, G.T.&E., CBS, KSI^-TV 
in Salt Lake City, and Micro-TV in^Philadelphia. 

Mr. Zimmerman next addressed videotexes role ia providing edu- 
cational support : amoncr the areas named were: 

As a system for the delivery of courses or instnictional material 
to the home. 

Alternatively, student.s could use videotext to access course ma- 
terial located at a central facility. 
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To improve administrative coordination by providing access to 
low cost computing services such as word processing, text editing, 
and electronic mail services. 
A more economical and efficient way of delivering correspond- 
. ence courses, notices of meetings, administrative materials, edu- 
cational publications, aug:nienting existing resources. 
Among the advantages of vidootext, the witness said that "it is easy 
to use, potentially low cost and will no doubt become ubiquitous." Its 
limitations would include the fact that "in its present form it may be 
too simple for some educational. applications, especially when com- 
pared with existing systems like PLATO." He noted that there may 
be a need-for improved graphics and printout capabilities. 

Broadening his presentation perspective, Mr. Zimmerman cited 
several other home information technologies which were in existence 
and in various phases of operational use ; 

Home video re<*/Orders 

Video discs ("catalogs and encyclopedias including film 
footage" could be stored in this way) 

Fast, computer-controlled {printers . . . might replace news- 
papers or journals 

Cable TV systems 

Direct broadcast satellites ^ 

Ho remarked that while "m^ny of these technologies may conjure 
visions of *Star Wars,' not to mention Orwell , . . [they] are avail- 
able now . . . tlio institutional and societal impact of these technol- 
ogies will be profound." 

The final topic addressed by Mr. Zimmerman centered on the role of 
the National Telecommunications and Information Administration. 
Two categories of issues related to the support of technological ad- 
vance were discussed : 

1. The existing communications regulatory environment; 
specifically the policies and regulations established in the 
1934 Communications Act which in some respects are no 
longer adequate to deal with new technologies, such as video- 
text» which combine components of technologies that were 
originally distinct* for example, communications and data 
processing . . . NTIA is working on proposals for revisions 
to the current common carrier regulatory and policy frame- 
work. 

2. Information policy concerns which are emerging from 
specific new information technologies, such as privacy, copy- 
riofht, access, and the implications and conditions for delivery 
of services to the hqme, such as banking or mail, through 
electronic media. 

Upon the conclusion of Mr Zimmerman's commentary. Represent- 
ative Brown and the Subcommittee staff members raised several ques- 
tions before the panel. Dr. Ostenso began by asking: 

* * * what kind of statewide support systems are there for 
such thmgs as communications networking, library network- 
ing, and the other kinds of information ? 
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Aro there stnto models and nssistanco for developing these 
systems : do they exist at all ? 

Ms. Cayton explained that 3:) States have le^ri?^lation anthorizin*r direct 
support of library services, usnallv expressed "in terms of the educa- 
tional responsibilities of the State/' Onlv 23 of those States actually 
provide funds /lirectly to libraries. CoopenUion with a<rencies other 
than libraries is difficult, she noted. Then Dr. Ostenso posed this 
query: "Is there anyone in a State coinmunications network that you 
can call upon to assist in a new projex^t?" Althoa<rh Mr. Corey said 
that he had received "Ix)ts of advice and help," but, no money, Dr. 
uatkins replied that Xoilh Carolina^ has an extensive network. "We 
are sotting up for faculty, because most of the minorilv colle<res in 
North Carolina tie in with them, to learn to develop curriculum 
materials.'' 

Mr. Zimmerman, in reference to St^ite-level use of information rc- 
soui^ces and systems, calle<l to the attention of the Subcommittee a 
study prepared by Robert Chart rand and Jane Bortnick of tlie Con- 
;rre<sionnl Research ,^ervice dealinp: with State lecrislature use of infor. 
"fx^'^.T 11^* ^^-a^^ then asked by Rei)re.sentativo Brown 

It M I.V was an a«:ency that funded research in the area of telecom- 
municatiouQ. In reply, Mr. Ziinniennan mentioned two programs: 

1, Public Toleromnninicntions Facilitv Proirram, in its second year, 
funded at $2:) million, with the s:rants*"aimed directlv or primarily 
at applications for women and minoritie«." 

2. A procrram. in cooperation with XSF, invol vinir the Corporation 
for Pnbhc Broadcast inir an<l WETA, which is a teletext experiment. 

Professor Kataokn also ^^poke to this i>oint. sayin*r that his *rroui) 
liad : . J- J- I 

* * * tried to jret the cooperation of a public broadcastiii/r 
station m -outhern California, which didn't work out l>e- 
ani^ one of the catches in the cpialifications is that von have 
to work With a public br-oadcastin^r afllliate. * * * The real 
problem was that innovative project inoney.s received from 
Jhe XTI.V would be discounted against hardware replace- 
ment needs of th^ local «^t;ition. 

Dr. Wells addressed a question to Dr. Watkins refrardingthe fact that 
"we still have a generation of teachers and librarians who are not 
comfortable with information technologj- : 

Does this sugirest that we need to consider structural 
-hanjres in the preparatorv svstem for teachers and for tho-e 
coming out of the institutions? 

Ms Cayton, in echoing Dr. Watkius' afiiiTuativo response, emphasized 
that the libraries also must take action in this area. 

Mr. Corev next talked about the i)erfonnance of 12-vear-old chil- 
dren in tlie Irvme Interactive Video System, who can "come on a pro- 
gram on the hour having conceived the topic, organized it * ♦ ♦ and 
they can d irect a dialog involving themselves and seven other sta- 
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tions,'' lie tiTuuMl this ''a high level of organization, conmuinication 
skilUand intellectual activity.*' 

Repre>entati\e Brown then talked about the use of such technology 
as a ^ cultural, educationar* device where integration or student ex- 
change activities are involved. Mr. Corey told of Irvine students 
exchanging \ ideo tape^ with children in the inner city in Los Angeles: 

* * * by the second tape» the students were calling each 
other by their first names, knew one another, knew their 
values* what their school was like, and what was going on. 

Wo invited the kids from the inner-city school to come out 
for a day of visitation. The kids getting off the bus were 
black and our kids were predominantly white, and neither 
group had mixed before. They got right off the bus, hugged 
each other, picked out ihcir friends by name and went off for 
their day's activities. 

The final conunent during the closing moments of the hearing wa^ 
nuule by M.^. Ca}ton. who described how the I>nver Public Libraiy 
is placing all the cataloging infonnation in COM-CAT, "a little com- 
puti r that look.-^ like a tele\ ision," and which is popular \\ \th the chil- 
dren ami a ^urce of concern for nmnv adults, who still prefer to 
utili/.e the card catalog. Repieiientnti\ e l^rown then voiced his appre- 
ciation, and said that ^'if we need additional specific Infonnation, we 
[may 1 a.^k you to submit that in writing." 





VI. HIGHLIGHTS AND COMMENTARY: JOINT HEARING 
ON INFORMATION TECHNOLOGY IN EDUCATION, 
APRIL 1980 

The second hearing during the 96th Congress concerned with the 
role of information technology in education was held on April 2 
and 3, 1980, under the joint sponsorshii) of the Committc^e on Science 
and Technology (Subcommittee on Science, Research and Technol- 
ogy) and the Committee on Education and Labor (Subcommittee on 
pelect Education), 

The presiding chairman. Representative George E. Brown, Jr., 
remarked upon the "rather unique" nature of this joint hearing, and 
emphasized that: 

Actually it is a part of a much broader exercise • • • [be- 
ing] aimed at focusing on and utilizing, to some degree, the 
new technologies and communications, computing and 
related fields. 

He then told the audience that the objectives of the seminar would 
be: 

• * * to enhance the awareness of the Congress, the ex- 
ecutive branch, and the private and public sectors of the 
potential educational benefits of information and tele- 
communications technologies, and second, the possible soci?il 
and economic impact^ resulting from the widespread use of 
these technologies in the educational process. 

Remarking that science and technology "are capable of generating 
both good and bad consequences,'' the Chairman .went on to say that 
there is a challenge to develop the expertise which will "maximize 
the positive impacts of these technologies in all educational environ- 
ments:'' the school, the workplace, and the home. 

Representative Brown then addressed the need to establish appro- 
priate policies and implementation programs for "achieving societal 
goals and shaping the tools and techniques necessary to achieve broad 
national goals." The responsiveness of' such pubfic policies to the 
needs of the contemporary "information society" will depend upon 
the development of flexible mechanisms and institutions which are 
able : 

* * * to adopt technological change and to cope in a hu- 
mane and equitable way with the increasingly interdiscipli- 
nary nature of scientic research and new knowledge. The time 
is long overdue for the Congress to address information and 
related technologies as a national resource* 

He then charged the audience, the "experts," to "derive a consensus 
which will direct us toward the appropriate goals and policies," 

(HI) 

lit 
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As Chairinaii of the House Committee on Education and Labor, 
Representative Carl D. Perkins was the next Member to speak to those 
attending the hearings and participating in the workshop. After con- 
veying the regrets of the ailing Representative Paul Simon, Chair- 
inan of the Subconunittee on Select Kduc^ition, he said the snl>coin- 
mittees had decided to sponsor this hearing because: 

• * * it is time that we reassess the revolut' -^n that is oc- 
curring in information technology and the likely impact of 
this revolution on our educational system. We believe that 
it is most appropriate to do this at a time when the creation 
of the Department of Education marks a new emphasis on 
education m this country. 

Representative Perkins tlien told the audience that *'In a time of 
budget austerity, we are lookiiifj: forward" to your perspectives on the 
cost effectiveness and increnhcd productivity of education projrrams 
as a result of the use of technolofry/' Noting that it had Ix^cii 1(T years 
since the impact of teclmology on education liad l>een thoroughly re- 
viewed, he stres^etl that tlie report of the O-.nmission on Instructional 
Technology (in V)70) had concentrated more on the use of audiovisual 
equipment than on computer assisted iir^tVuction. Soiiie participants 
would talk about the impact of home computers on etijiu-ation and 
*Svo rid wide satellite liookups/* he observed, but many schools in the 
United States, especially in rural locations, "are still unable ^o afford 
adequate audiovisual equipment." Representative Perkins closed by 
urjring the participants to "address in your discusision.s the questions 
and problems of equity involved in the use of access to the new 
technologies/' - 

The first witness at this hearing was .Vilhnr S. Jlelnied, adviser to 
the Dii*ec(Or of the.Xational Institute of p]ducation on the subject of 
technologv" and producti\ ity. whose initinl comment was tluit there 
are "many applications in education of the new information process- 
ing and conuuunication technologies" based on declining information 
h^uullinir costs, and that there are \ai'ious users for such technological 
applications. Ili.s topic for discu-sion: ''the role of the i»ompu*ter to 
improve learMinjr in the elementary schools," which is "an arena in 
which we now ha\e substantial working experience with whit'h to 
jjnchor our vision of the future." 

Dr. Melniod then proi ceded to di\ide the fartoi-s alToi ting st^liool 
use into two categories: '•structural factors" and "school ])rocc.ss fac- 
tors." In the former instance, he listed : 

• acquisition ca^t of equipment : 

• cai)jicity and capability of equipuieut : 

• maiiitenanco co^t of C(iuipment : 

• reliability of equipment: and 

• availability and cost of computer curriculums. 

Tic gave a broad moaning to the word "curriculums." including CM, 
computer modeling, and computer simulations. ^ 

.\t this juncture, he noted that acquisition and maintenance costs are 
going (low n while equipment ( apacit v and reliability are rising. Turn- 
ing to the >clu)ol piocess iactoi*s. he cited two wliich seemed important : 
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The activation QHQV^ry and bndget needed to overcome barriers 
to start-up: and 

'in /nanagenient factors and social process in the classroom. 
I hree barriei-s to start-up then were named : 

• 1. the budget process, and the locus of decisionmaking to ffct 
a new line item added to the school budget ; ^ ^ b 

• f?. time and leadership. Various studies reveal that the time 
available to principals to play a leadership role to initiate now 
mstnictional undertakings is shrinking; and 

• the cost of teacher training in the use of computers in the 
classroom. There does appear to exist at this time a growinc: 
interest m various quarters for new programs to maintain anc^ 
develop new teacher competencies, including a program of teacher 
centei-s to be directed by the teachers themselves. 

Here, the witness referred to identifiable congressional interest in 
the new '^educational professions development act." 

In talkin^f about the category of management factors and social 
process m the classroom, Dr. Mehned bix)ache<l these key questions: 
If adequate access time to comnute -s and computer curriculums 
IS available, by wliat criteria do the clasj?room teacher or tlie 
scliool system allocate this resource aiaong the students? 

Is the computer resource located inside or outside the class- 
room > If outside, how does the teacher svnervise this student 
activity? 

Whether the equipment is inside or outside, how does the teacher 
manage his or her time and that of the remaining students when 
only some are <mgaged in the use of this resource « 

Turning to the uj^e of "models," he indicated th^l "our best school 
use data fit)in a narrow techni. ul ])oint of view'' are ba.sed on a CAl 
or "drill and practice" model of computer use, wliich were developed 
at Stanford University by Professor Suppes and his colleague^: 10--15 
years ago. 

Next, Dr. Melmeul discussed a five-year "longitudinal evaluation" of 
computer-assisted curriculums, sponsored by the National iiustitute of 
Education (in 1976), which focused on several schools .n die Los An- 
geles Unified School District. Its objectives: 

* to assess the effects of several years of computer-assisted 
instruction on student achievement in each of the three curr>M 
lums: elementary arithmetic, language arts, and ')asic reading 
skills, 

* * * to assess the effects of variations in the intensity of CAI on 
student achievement 

* * * to assess the effects of CAI in elementary arithmetic on the 
student's conceptual understanding of mathematical processes. 

The witness then detailed, without statistical qualifications, his "rough- 
and-ready sense" of the results of analyzing the first two years of data : 
Very briefly, the study includes mainly three experimental 
groups and two control groups made up of comparable young- 
sters at tending schools eligible for Title 1 ESEA funds. Tlie 

« 94-482 I 151-153. 
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groups include youngsters from grades 1 through 6 eligible for 
compensatory instruction and randomly assigned among the 
experimental groups. 

Some youngsters are assigned two 10-minute time periods 
pei- day on the elementary arithmetic computer curriculum, 
some 10 minutes, and some none. Youngsters in the experi- 
mental group assigned 10 minutes pet an additional 10-minute 
time period on either of the other two computer curriculums, 
language arts or basic reading skills. Youngsters making up 
the third experimental group and not assigned any time on 
the elementary arithmetic computer curriculum are assigned 
10-minuto time periods on each of the other two. So all young- 
sters in the experimental groups arc assigned a total of 20 min- 
utes, while only some get 20 mmutes of elementary arithmetic. 

Two control groups arc made up of 3'oungsters not assigned 
any computer time: one for intraschool comparisons drawn 
from schools, housing the computer equipment used in the 
study ; and tlie other for interschool comparisons made up of 
j'oungsters drawn from schools not housing any equipment. 

Mv rough-and-ready analysis of the data is this. Youngsters 
receiving a 20-minute supplement in elementary arithmetic 
daily sliow achievement gains beyond what might otherwise 
have been expected on two separate test instruments, a curricu- 
lum specific test designed to match thestronsrly computational 
emphasis of the CAT curriculum, and the California test for 
basic skills(CTBS). They show more improveme: t on the 
firs*^ instrument than on the pox?ond. They show more iniprove- 
nent tlian youngsters receiving only a 10-minute CAT supple- 
ment in elementar\' arithmetic, who show iuoi*e improvement 
than voungstei^ i^eceiving no sunplement. 

Witliin tliis ranire of variation, zero, 10, and 20 minutes 
daily, for a school year, achievement gains show a roughly 
linear relationship with intensity, that is, more time, more 
gain. 

Willie the gains f ron* this endeavor proved to be cumulative over the 
first two years, he said, "preliminary analysis of the third year's data 
appears to show diminishing r^^turns.*' He noted further that the voung- 
sters receiving the CAT supplement might solve computational prob- 
lems but still have the "same conceptual misunderstandings of deeper 
mathematical processes" as those not in the program. The analysis for 
all three years showed that the language arts and basic reading skills 
curriculums are "more ambiguous and uncei-tain in their effects on stu- 
dent achievement" than the elenientar>' arithmetic curriculum. Dr. 
Melmed continued : 

I would pay the cost for the effects on student learning of 
the elementarv arithmetic CAT program. Beyond that T would 
pay the marginal cost for the effects of the language arts and 
basic reading skills programs. 

His next topic dealt with another approach to improving writing and 
reading skills which was based on an idea which Professor George A. 
Miller called "automated dictionaries," and had characterized during 
a 1978 XIE-sponsored workshop in these words : 



ERIC 




145 

• * * automated dictionaries mij^ht serve a variety of educa- 
tional purposes in tlie teaching and learning of communicative 
skills, and . . . retrieval systems incorporating tlie new micro- 
processor technology could easily make automated dictionaries 
widely available. 

Professor ililler had then defined various types of automated diction- 
aries, as well as a number of "automated grammars"; the simplest of 
these systems would : 

• * * allow a student user to designate a word, say by typing 
it, and receive infonnation about uxq word, say its dictionary 
entry. He could receive that information either visually on a 
cathode ray tube, or auditorially by electronically generated 
specteh. 

Reinforcement of this approach subsequently came from Professor 
Seymour Papert who uri^ed combining a word processor witli an au- 
tomated dictionary, stating that since "lexical knowledge is a com- 
ponent of writing and reading, its acquisition should not be artificially 
.separated from the mastery of these skills." 

Mr. Melmed then described a scenario to tlie Subcommittees' mem- 
bers and staff, "only some of v .uch is feasible at this time:" 

A student engaged in writing using a word processor with 
automated dictionary could be cued about a variety of lan- 
guage en-ors ranging between spelling, punctuation and in- 
complete sentences at orte extreme, to more complex crmrs and 
instances of poor language usage at the other. For example, 
after completing the typing of a paragraph, the student iiiiglit 
find himself cued sometliing as follows : 

(1) Lines 3 and 9 contain a spelling or typing error. 

(2) This paragrapli contains an incomplete sentence some- 
where around ]»nes 4 and 5. 

(3) You use the word "de^'elopnient" with vey )iigli fre- 
quency. Try some substitutions for a more interesting 
paragraph. 

(4) This paragraph contains six sentences, four of tlioni 
are compound Ix^ginning with prepositional phrases, over 30 
words long. This combination is generally poor writing. You 
may wish to tiy for improvement witli the following clianges, 
et cetera. 

Iterating that this conceptual model is only one that is currently 
available, the « itness pointed out that it often takes .VIO veai-s to thoi - 
ouehlv test a model. "And this is very long in comparison with tlie 
rate at which dramat.c changes are taking place in tlie hardware that 
is available to us." 

His next focus was on "I he effects of public policy and private sector 
investment on school u^e of computers to improve student learning," 
After stating that student use of computers would increase, but not 
dramatically, during the next decade— in spite of the decrease in hard- 
ware costs— he identified other factors affecting school use: ease of ac- 
cess, demonstrable effectiveness, and available of quality computer 
curriculum. Under *V^7.9^ of arcensT Dr. Melmed placed : 

• natural language input and output; 

• computer geiierate<l audio: and 

• speech recognition, t ^ ^ 
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In addressing the first of these, he said : 

* * * tlio problems of accepting natural language input or 
producing acceptable informal natural language output, 
which the student can readily understand, is a severe barrier 
to accelerated use of computers in the school. Despite the oc- 
casional appearance of a broakthrou^jh, the technical problem 
of accessing a computer program using natural language con- 
tinues to resist solution. 

Offering the opinion that "the importance of audio to facilitate in- 
structional use of the computer is high," he said that it must be of 
sufficient quality "to allow a student to listen to it for considerable 
periods of time without a feeling of strain." Speech recognition, he 
then noted, probably will not exist in a form "usable to facilitate in- 
structional use of the computer" for several years. 

In further discussing the '^dcvwmtrablc effectiveness'' factor. Dr. 
Melmed commenced by talking about the model to improve student 
learning known lii, "mtelli^jent computer-assistance instruction, or 
ICAI/' which is based on "the assumption that the student has inter- 
nalized the representation of any skill he is usinjj." Errors, called 
"bugs,*' which the student may make in the execution of a skill, are 
not easily analyzed, and "Only time consuming and expensive develop- 
ment and research will reveal the ppwer in the breadth of application 
of this model to improve student learning. The witness noted that Dr. 
John Soely Brown and his colleagues at Xerox Park are exploring 
the application of this model to mathematics instruction. 

In deailing with the question of the sources and avaUahUity of quality 
ramputtr nirncuhufUH to improve student learning. Dr. Molrned said 
he was unable to "come to ^rnps with a likely scenario for the develop- 
ment of a rich inventory of computer curriculunis.'' Such an inventory 
is needed, he opined : 

* * * in order to give teachers a sense of participation in the 
school use of computers through the opportunity to choose 
from a large number, since . . . for the foreseeable future, the 

, classroom teacher will not be a developer of his or her own 
computer curriculums. 

In regard to the development of computer curriculums. the witness 
stated that equipment vendors "certainly have the capital resoui*ces 
neccssiiry* * * but thev have no establishe<l role in public e<lucation 
* * * And presumably they have other more profitable investment op- 
portunities/' The publishing industry, he said, "is characterized by 
many as risk aversive, and the school market for computer curriculums 
is certainly not well defined and established at this time." 

Perhaps some special, temporary MTanirements involving 
public — and, in that case, probably Federal — support are 
necessary which can be tied to the objective of demonstrating 
the very hifrhest standard of curriculum quality that we can 
produce with our current knowledge and experience. 
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Dr. Mehmul, in his rlosin*^ coininentary, observed that "information 
rather than space exploration has beconie the dominant metaphor for 
the closinp quarter of this century, and the^television rcceiver and the 
computer its pervasive realization." 

Next appearing as a witness was Dr. Dustin Heuston, chairman of 
the World Institute for Computer Assisted Toacliing, whose presenta- 
tion orally was augmented by a series of useful charts. Announcing 
that ho would * discuss trends that arc similar for various Ifevels of ed- 
ucation,'' ho said that "the dominant metaphor in education is the lov- 
ing teacher working individuallv with the student," but that average 
classes of 25-30 students make this impossible; in addition, there has 
proven to bo a broad range of ability levels among the students in a 
given grade. Next, he referred to studies by Conant "® and Christian- 
sen which "show that the current educational delivery sjystem can- 
not give a student more than 1 minute a day of individual mstruction 
from a teacher.'' In essence, this means that a student receives 10 
«^econds ])er olas^sroom 'hour. Dr. Ileuston warned that unless the "lov- 
ing teacher metaphor'' is viewed realistically : 

* * * \vc will be forever chasing rainbows in our funding 
policies as wo attemi)t to improve our educational system. 
Generally speaking, a teacher cannot devote more time than 
the system average to his or her students. Obviously there 
may bo many teachers who d j perform at.a much higher level 
of performance. 

His next point: "the failure of the current delivery system is that it 
does not allow a learner adequate productivity . . . Unfortunately, the 
teacher, after 500 years of experimentation, is about as productive as 
we can make him or her.'' The focus must be on learner prodxictivity. 
Tho witne.^ then stn^nl that : 

* * * the technology that can help the student improve the 
productivity of his educational experience is restricted to 
those technologies which have a coniputer present in the in- 
structional process. It is important to undti'stand that televi- 
sion or videotape on movies .lack this requisite capability. 

Greater demands for training, in order to enter the job market, have 
impacted the educational system and affected those wiio must try to im- 
prove it. "Thus, increasingly we are having a shortfall between the re- 
quirements for education and the ability of the delivery system to pro- 
duce it. "Even more discouraging," he said, "is the fact that:" 

* * * the line representing tho amount of ofToctive instruc- 
tion capable under the current delivery system has now flat- 
tened out, and no amount of additional money appears to be 
improving it. 

»»Conftnt. Eaton H, TenchpM and Paraprofesslonal Work Productivity. L«xlnjrton, 
Ma«8 . I-exInKtOD-H*ath. 1973 143 p, 

'*«rhrl«flnns.'n I W \Vor^».'Mni.ll"c A Strobosoopio \Wvi Ediichtlonal .Administration 
and Supervision, v 42. Apr. 1956. p. 230-243. 
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The contents of the witness's chart (No. 7) indicate that : 

FiouE£ 13.— Data suggest additional financial investment is wasted capita!. 

1950-1975 Kdueational Expenditure increased from 3.4 percent to 
7.4 i)ercent ot Gross National Product, an" increase of 118 percent. 
Natioiml scores declined sliglitly after this increased Investment. 
42 i)ercent of 17 year old blacks are functionally illiterate. 
Colenmii Keport corroborated that Delivery System has nnitured. 

In regard to the Coleman report,*** Professor Hernstein s analysis of 
its implications indicated that "our educational delivery system, con- 
trary Ko all public perception, is relatively equal in its treatment of its 
students."*" 

The ultimate im.pact of the Coleman report was that it dev- 
astated educational leadership because it made pessimists out 
of many people. Wliat it suggested is that if you have a rela- 
tively equal system, pouring money in is not going to affect 
things dramatically. « 

Dr. Heuston went on to say that when delivery systems are static, 
management usually will invest more capjfal in improving various 



adding paraprofessionals; / 
increasing teacher training; 
improving physical plant facilities; 
decentralizingeducation and scheduling; and 
experimenting with management-by-objective techniques. 

In the words of the witness, "The problem with all of these investments 
. [and others] is that they do not touch the fundamental limit of the 
current delivery system." 

He emphasized that : 

In fact, we are not facing a moral problem, a discipline 
problem, or an example of national softness. What we are 
facing is a work problem. 

He then told of a personal experience which illustrated the quandary 
in which educators find themselves : 

While headmaster of a private school in New York City, I 
once faced a Situation where I desired to learn more about the 
students' individual learning profiles so that I could com- 
municate mor« accurately to them and to their parents the 
nature of their latent abilities. In order to help me in my 
quest, I developed a learning revSearch center in this tiny 
school. My resources, in retrospect, were extraordinary. For 
a student population of 500, I had 3 Ph. D.'s working full- 

»*i Coleman Report. Equftlity of Kdueational Opportunity. Washington. IT.S Govt Print. 
Off. 1P66, 7.17 pp. (Proiluceil for the National Center for Educational Statistics of the 
Department of Ih'nlth. Kducation. and Welfare.) 

1" Information Technology In Education, p. 35. 
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time in the loarnin^r researcli center, 25 parent volunteers, ^ 
and 7 predoctoral fellows from Teachers College of Columbia 
University. 

Nevertheless, the processing of these students took so much 
time tliat we could not even dent the problem of getting an 
accurate assessment of the students' abilities and communi^ 
eating these to the teachers and parents. I soon found, to my 
chagrin, that what I was really facing was a work problem. 
The amount of work that t!iat large population of profes- 
sionals could produce was totally inadequate to the needs of 
the problem. 

Returning to an earlier point, the wide range of student ability 
within a given grade, Dr. Heuston stated that "the delivery system has 
a difficult time in assessing the learner profile of the students," and 
he told of once photographing a set of classroom dynamics to show how 
students reacted variously to questions from the teacher. He also 
talked about the "power of social embarrassment in public learning 
situations or interactions." For many students: 

Distributed work stations which allow a student to sit pri- 
vately at a terminal and try to master a process over and 
over until the point whore achieving is consummated is ideal. 

Another key area which the witness termed a "weaknr&sof the current 
delivery system." centers on the restriction of learning to the class- 
room. Personalized instruction in the home environment, or even 
libraries and resource centers, would do much to improve student 
gain, ho said. 

Turnino: next to the "learning decay problem," Dr. Heuston dis- 
cussed the problems related to 'Hipdatinrr the students with the latest 
mfonnation:" 

Once a student leaves the school classroom sitiiation. the 
school no longer feels responsible for iipdating the alumnus 
on the latest materials because it woiild simply be too great 
a work problem. With the introduction of distributed work 
stations in the future, we will be able to offer refreshment at 
critical times for students who are about to enter a severe 
learning decay sequence. Thus the computer program will be 
able to calculate, based on individual learning profile infor- 
matioiK when a learner will begin to forget some funda- 
mental concepts that have been taught. 

By offering the capability to automatically refresh at these 
key times, the distribute<l work st^ition will keep the learning ' 
concei)ts alive in the student with just a tinv fraction of the 
time that it would take if the student were allowed the decay 
to continue for too long a period. Similarly, students will be 
able to be updated automatically when new information 
supersedes data that were taught earlier. 

In S|)eaking of "iiiStructional consistency," Dr. Heuston averred 
that unhko human beings, with their "cycles of boredom and stress " 
machines can offer "perfect consistency." Next, his remarks concerned 
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tho -^sybtom toe hnolo^'v factor by which significant improvemonts 
can be realized, llis aeronipanying ohavt offers an analo<ry to a trans- 
portation system (sec Ficrure 14). and undei^ores the inii>odance of 
correctly combining the factors in the subject algorithm : 



MORE ACCURATE ALGORITHM OF 
THE SOURCES OF WORK IN 



A DELIVERY SYSTEM 
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Figure 14 

What this equation indicates is that there is another factor 
which provides the greatest leverage of all in most delivery 
systems: the system technology factor. For example, if we 
were discussing transportation systems, and we were using 
tho horc, then the system technology factor would be one, 
representing one hoi-sepower. If it were a car, however, the 
multiple would probably be close to i^OO, representing llOO 
horsepower of an automobile engine. If we were substituting 
tho jet aircraft, then the system technology factor might be 
a multiple of 30.000. representing 30,000 hoi-sepower. Please 
notice that no amount of improving of a worker tl rough 
training efliciency can change the fundamental mature limits 
of any delivery system. The .same is true of the educational 
delivery '^vstem. 

Tho goal. Di. Heu^ton ey>>lained. is to reach ''the theoretical Jiaxi- 
nuun in terms of what a deh *ry system can do." 

The ta.sk in the decade ahead will he to help harness the 
exponentially greater auiount of work that the computer can 
generate for tlie educational delivery system in a useful way 
that will help children and faculty members complete their 
eihicational tasks succeSrjfully in an atmosphere that is ' 
pleasant. 

The practical implications of tho equation s^^t forth al>ove were 
then ili.si'Ushod In tho uitnoss, using a couipanion graph (Figure 15) 
containing this caption : 

What this indicates is that the proper introduction of tech- 
nology will allow far more work to be done by the edu- 
cational delivery system. This in turn will improve the effec- 
tiveness of the deliverv .system, particularly by giving the 
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individual the opportunity to have far more individual i 
struct ion, and raise the effectiveness of the educational deli 
ery system to a level that is more than the requirement t 
^training potential workers. 



Hev Educational Delivery System 




FIGUBE 15 

In talking about "the two most fundamental technologies of the 
future'' — computer's and lasers — Dr. Heuston affirmed that the com- 
put<er\s power is needetl because "it can produce the type of artificial 
intelHgence distribut-od locally to the student and interact w4th him 
on a personal basis/' In his opinion, more or better satellites "are not 
goin^r to change an\ihing in terms of producing television for the 
general population that will have any impact . . . because television 
never has or never will be able to accomplish a significant individual 
interactive situation with the student." 

One of the ^eatest problems that educational reformers 
have had in using technology is that they have been indis- 
criminate in their use of it without understanding that only 
one or two of the technologies can nmke any fundamental dif- 
ference. All technologies are not the same, and unless the 
computer is present, with the type of distributed or artificial 
intelligence that can givt> the personal interactive situation to 
the student, then very little improvement can be given to the 
delivery system. 
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rho laser, ho noxt explained, can "be used with videodisc to store 
a great deal of infornuition for student instruction . . . [and with] 
a much more interesting format than a computer can generate." 
Thus, it can involve color, movies, sound, motion, and a 
type of personal identification with thought, character, and 
situation that humans enjoy in watching movies or drama. 
The Xational Science Foundation, he informed the audience, has been 
|*deeply involved in working on these new technologies with a num- 
ber of programs, and there is little question that the combination of 
the microcomputer and the videodisc will be the ideal instructional 
format of the future." 
He then launched into a brief discussion of the impressive increases 
* in industry s ability to produce storage "chips," noting that by 1985 
or 1986, "we will begin to manufacture chips that have the equivalent 
of a powerful IBM 370 computer on them with 1 million bits of mem- 
ory, all on the same chip." 

In terms of educational usage, the practical implications of 
these three charts are that the work stations that we manu- 
facture for students in schools, and ultimately even ia the 
hoine, will ^n reach a level where the expense is not pro- 
hibitive. This is an important ingredient in attempting to 
produce a useful market for work stations for the schools. 
Practically speaking, in 1965 it cost $50,000 for one work sta- 
tion for a student. The work station itself did not cost $50,- 
000, but if a computer was $300,000 and it could support only 
six terminals on it, then in effect the cost per work station 
was $50,000. Ten years later in 1975, the work station had 
droppe<l one order of magnitude to a price of $5,000. Ten 
yeai^s after that, in the 1985 rannre, we estimate that work st4i- 
tions will be in the $500 to $1,000 range. Thus, we can see that 
technoloorically,the stage is sot for the delivery of economic 
work stations to lx)th school and the home markets to give the 
students the additional work potential with distributed intel- 
ligence present. 

The use of this new distributed power should concern all of us, and 
to illustrate his point, he employed a chart (Figure 16) enumerating 
seven ways that this new power can improve educational delivery 
systems. " 

KiGCRK KJ—.Spvon levels of contrihution hy tocliiiolojry 

1. cm 

2. Drill and Praotioo 
X Helps 

4. Instruotlon 

5. Cofrnitive Diafrnostfos 
fi. Simulation (Games) 
7 Learner Profile 

These seven levels are listed in order to show the practical implications 
of the technology, as it is integrated into various parts of the educa- 
tional delivery system. 
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Sequentially, l>. Hcuston then offered more detailed commentarj^ on 
these seven ways of using computers: 

1. CMI (computer-managed instruction)— "an important attribute 
not only because it helps teachers manage the instructional flow better, 
but also because it diffuses their anxieties about computers while it 
helps them with difficult bookkeeping cliores." After citing the work 
of Haner Brudner,"' who prepared "excellent" CMI packages, he 
said that many early systems arc being used on home computers. In 
education, he said, Cill is a good introductory step for computers, 
since "the teacher does not feel threatened initially" due to the nature 
of its uses : pre- and post-test functions, diagnostics, assignments, stu- 
dents records, and competency based exercises. 

■2. Drill and practice— the research of Patrick Suppos of Stanford 
University, funded by NSF and NIE, resulted in some "outstanding ' 
drill and practice materials being prepared durinfr the late 1960's. 
These programs often look "deceptively simple," Dr. Heuston cau- 
tioned, but they, cause the computer to : 

* * * look up and generate questions ^hat are appropriate 
to the students' cMirrent level of competence, then calculate 
whi'tlier or not their resi)onse is appi-opriate, and take action 
if it is not. Furthermore, it has to monitor the pi-ogi-ess of the 
student ami diango the level of difficulty of the pi-ogranis if 
thev aix> Uvoiuing too easy or t(X) haid for tlic student. Then 
the"i>ro«rram also keeps records jind pixxluces patterns so that 
teachers and administrators can study exactly what the 
student is doing in terms of useful educational work. 

The advantages derived from using drill and practice include: trial 
with instant feedback, floating norms, private practice, ability to so- 
lidify intermittent understanding, and not being able to surmount 
ignorance- 
s' Helps— there arc two categories: "general" anS'^^'specific," which 
collectively "take the level of contribution of the work station up a 
whole level by helping the students learn how to solve a problem. 

* * * In a general help, if a student mis.sed a specific math 
pioblem and didn't know how to do it, then he or she could 
rail in ahel]> which explained how to do a pmbl em similar to 
the type that he had niisse<l. A specific help is even more use- 
ful Ix'cause it iwalls the very pmbleni that the st.udent has 
l)ecn unalde to .>>ol\e and then systematically breaks down the 
arithuK'tic operations and .shows the student how to solve the 
very problem. 

4. Tnstniction— the emphasis here, the witness stressed, is the "de- 
velopment of full instructional p ograms that can supplement the 
teacher's eflfoits when he or she is tied up in a classroom setting," 
which may involve couplinc: a videodisc to a microprocessor. Both 
the faster and slower .students will be better served, giving the teacher 
an inherent advantage l>ecau.se "the class will be able to learn the 
materials according to their own individual needs." The stipulated 
advantages, allow student to advance without waiting, help the slower 

>«» Information Technology In Education, p 42 
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student tliroufrli lopotitioii, and allow rapid access to explanations of 
. tno total process. 

5. Cognitive Diamiostic.^Dr. Ileuston talked in some detail about 
the <limou t>- of tenchei-3 discovering deep cognitive errors— such as a 
zero bug or a '-le^sser than greater" bug-due to diverse and tinie- 
oonsuming duties He gave the example of his daughter. Hilary, a 
third gnider. who had a -'zero bug" which took seven weeks to uncover. 
A teacher with access to a computer work station could well have 
discovered the problem "within seconds." 

tut ? n"'.f (Games)-an even higher level of computer usjige 
tha wi 11 ' harness the i^wer of the chips," this type of learning is 
extremely important becau.se it uses artificial intelligence: 

* * * to allow a student to have a personal learning exne- 
^ rience. where they use what scholars have called "diljovery 
leaniing' strategies. In other words a program is developed 
which allows a student to take various courses of action, and 
the |>ower of the computer is used to csilculate the implications 
of that action. Thus, .students can try various options to see 
.what would happen if they took a specific set of decisions. 
1 lero they begin to explore the world on their own and are able 
to branch out and e.vperiment with numerous variables to dis- 
cover the patterns and laws that govern both the social and 
scientific environments. 

Inherent in usiug this advanced man-machine approach are- dis- 

JSm^ititioIi'"'"^' ""^ ^'^ '^"^ motivation of 

7. Learner Profile-the hi-hest level of future u.sage for the com- 

mr-; if T"""']-^' l'""'' researclfon the learner 

piot.ie of the individual students." 

One u.se of these programs will be to establi.sh how a student 
IS learning as a learner, and then to convey to him or her the 
implications of their approach. Another use is to establish 
quite clearly the type of learning characteristic that that stu- 
dent has through genetic means. Some students who have 
dyslexia have severely twisted internal circuitiT that does 
not allow them to view an O witliont seeing a C. It is impor- 
tant that we have outstanding diagnostics programs which 
can pick up learning disabilities when students are veiT 
voung so thiit remediation can be effected. In fact, ni-obablv 
rho computer will jx. an ideal patient source of remediation 
for many foi-ms of learning disability 

But even niore important, this type of information x,U] be 
very useful for students and parents in helping to under- 
f »PP'?'-^;^t strengths and weaknesses of the learner 
profile of he individual .student. In a very prainnatic way 
this should help relieve unneces.saiy guilt over cfS^TtypS 
of learning i)roblems, and it should heighten an underetand- 
!,of fiw ^^n -^t'-engths lay so that the students just do 
not feel that they are not veiy bright. 

Dr Ileuston .stated that "veiy little is being done in terms of estnb 
nshing this type of factual material iu a scTiool because of the tork 
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problem;^ aiul U>\ (lie mo-t part stiulonts think "that they learn like 
mervono else learn>."- Not only is this not tnie, he asserted, but "wc 
do not even have a vocabulary to talk to students about their appar- 
ent .sti-enfrth-- and weaknesses." Among the critical considerations in 
thi.s foi-aT ui-ea are: audio retention, dyslexia, leamin«: decay rate, 
eo*rniti\e >kill and Ini^rs. latent abilities, and learning strategies. 

After ending hi.^ dihcu^sion of the^e seven areas where info.imation 
technology mav fulfill a useful role. Dr. Ileuston shifted hi"^ attention 
to the pre^ent "climate'' for using ad^anced technology; which in its 
political aspects is "very noor.'' lie recalled the efforts by hardware 
uuinufacturers and publishers, in the 1960's, to create work stations 
which were simply too expensive. Many of the leaders of those mitia- 
tiveb "feel that they are nuich wiser now in the 1980 climate and they 
are determined never to trv again.'' Also, he noted, those involved in 
the early research efforts often felt unappreciated. lie then said: 

There has been nmch criticism of the PLATO and TICCIT 
projects, for example; whereas, in reality they have made a 
stunning contribution in advancing the entire field. 
Dr. Ileuston then oftered this opinion about a deeper problem in 
thi^ couif^3*y : our "national planning characteristics:" 

In America, we want to solve all our probleiys in 1- to 3- 
year c>cles. Funding is traditionally given at this level, and 
oven if i)roblems are beginning to become 10- to 20-year lu'ob- 
lems, thev onlv receive a ."-year fundinsf cycle before an am 
nouneement is niade that they are a failure. The Government 
i^ tlie onr .^I'lrment of the society which should have the sagac- 
ity to develop longer rangi* programs that are funded con- 
sistently to allow .solutions to be generated and opportuni- 
ties to be taken in these new technological nroas. Most of the 
great i)ionoers of the lOOOV and 1070\s have been splintered by 
the funding patterns, and work of any significance has iJ- 
most crawled to a halt because of the stop-start nature of the 
funding i)rocess: 10- and 20-year problems need 10- and 20- 
year funding cycles, 
rnderscoring Arthur Midmed*s commentary on the phenomenon of 
hardware oiitsti ipi^ing -oftware and curriculum developnieiit. he la- 
nu'iitiMl that aiv stil! in planning sessions instead of <iuenii)tino: to 
directh fund software develojMnent before the hardwi re is tolf lly out 
of hand.'' Some software now being developed is "very, ver\ poor," 
and is ai>i)earing because of the commercial opportunities;, but this can 
lead, the witni'ss warned, "to a rather severe backlash from the user 
couiinunit} who will think that this type of software is all thai a com- 
l)uter can do.*' lie stres>ed that our leadership must help insure the de- 
veloi)ment of outstanding materials which can "serve as models" in 
the vears ahead. 

Another concern of Dr. Ileuston's centered on what ho called "the 
inhumane inetaiilior.'' which is "conjured up by the use of technolofcy 
in education with children/\Somc person.^ are worried, he said, because 
they feel it "is not healthy for the personality" to interact with tech- 
nology, especially in an isolated environment. He observed that the 
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^Mal interaction just described "also fits reading: tlic book;" but yet 
we have grown to love l)ooks and revere thein/' Next, lie pointed out 
that while "we always attach a new approach for nihumune reasons," 
wo often ignore the inhumanity of the current svsteni (e.fr., 42 per 
cent of the black 17-year-olds in this countrv are functionallv illiter- 
ate). 

'rtie final comment of the witnesr dealt with his belief (hat **coin- 
puters will not replace the teacher:" 

In fact, they will enhance the role of the teacher by freeing 
the teacher to deal on a more i>e?sonal level— a more humane 
level if you will— with the students. The computer will pick 
u{) the more diflicult chores which the teacher has always felt 
have interfered with serious loarnin|r . . . Thus, we must under- 
stand that there is nothiu^j inherently inhumane about toch- 
nolo^-, that it will not replace the teacher and the teacher's 
human values, and that in fact it will produce a much more 
human product and allow the teacher a more humane role in 
future educational delivery systems. 

I)uriu«r the (juestion md answer ix^riod which followed. Dr. ITeuston 
was asked about the male-female breakdown in the statistics on 17- 
year-old black children, and referred his questioner to the National 
Assessment of Education Pro^rress organization in Denver. He then 
was questioned about the inflation factor present in the statistics on 
investments in education, and was joined bv Dr. Melined in .stating 
that *'those factors did factor in inflation," but to what extent wa.^ not 
known. 

^ Jwo proMenis were nii-ed by Ilowaid Greis from (he .\ra>si( ini- 
setts State Board of Education: (1) teacher training an(raccei)tauce 
ami (2^ the high labor intensive nature of the programming process 
and the associated requisite retraining. As to the latter, Dr. Heuston 
noted that luograins for school use are beinc: i)rei)ared bv outside firms, 
and that while these are "very exneuMve'' to produce initiallv their 
repliontion is "verv inexpensive." Tlien he emphasized that "Wo are 
develo])ing. through authoring systems, the abilitv to write the pro- 
grains in English without using computer prograiners at all," at 
great savings. In responding to the first question, ho referred to his 
Hiart which treated the seven levels (or areas for technological appli- 
<-uf ion) and reniin<l(Ml the audience that ^*The Ix^st \\ av to enter a school 
i^' to have comi)uter-inanagement instruction package.s." Once their 
utility is understood, especially as concerns the CMT program ability 
to show why students cannot answer certain question?, then the teachers 
enter a new level of concern and ask if von can produce the drill and 
practice niaterial."He pointed out that : ' 

Tlie publishers are now pro<lucing materials which, in 
effect, will start the CMT traditions, the computer manage- 
ment structure, and then will lead gradually to higher levels 
of concern. 

As to the training of teachers. Dr. Henstoh identified two ways: 
coursework in teachers' colleges, and refresher or retraining courses, 
novernmental help "will obviously l)e needed in Iwth of these areas," 
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ho suiil. ^Hxvansc tluN financial coininitment will bo beyond the re- 
M)uroesof any nonnal institution/* 

Tlio next exchange focused on the dove lopnient of curriculuins that 
function on different computers, a concern of Irwin J. Hoffman of 
tho T)en\er Public Schools. Dr. ITeu.ston stated that in all probability 
and after a .-erious time la^r "tho Go\ enuuent will invest in curriculum 
i)!'otot\pes to enablo publishers to use them and modify them for their 
individual i)roduct lines." He observed that: 

Once you^•(^ written your basic ])rofrram it is not impossible 
to trnnsiato them to other computers. It is impoi-tant that this 
translation possibility ])(>kept alive so that if a different com- 
puter becomes dominant in the market, there will be programs 
available for them as well. 

Returning to Dr. Ileuston's tnijispoilation analogy. Madeline Bates 
of Boston University drew another analog)' to literacy, and stressed 
that "gi\ing the students access to a computer as end users is one 
thing, hut tcju'hing them to use the computers opens up a whole new 
fu ld." In responding, Dr. Heuston said that a huge percentage of a 
-*ln>ol\ leMmrcesare applied to teaching languages, including mathe- 
matics ami foreign languages. 

The niju^tery of abstract syndiols(languages) will allow stu- 
(knts'to have a better future. It is important that the\ learn 
to calculate and use these symbols. The computer is certainly 
going to be the machine that dominates nnich of the future of 
our society, m) the computer languages.certainly deserve to be 
taught alongside the other ones. 
Hepie^entjit ive Brown then asked the two wi<ne^>es if the intro- 
diii tit>|i of inforination technolog>- into tho home and workplace may 
M-^uIt m the schools being byi>assed "and their significance consid- 
i'iai>I\ reduced in our society'by virtue of learning taking place . . . 
thioiigh the miracles of eabfo television, stand-alone comjuit^rs in the 
iiome. traiiiliig piogrjiiii"- in the workplaee?" Dr. Melmed rei>liWl tiiat 
the role of the schools is "not a static one. but a changing one . . . 
[attempting] to respond to the demands that we put on them." and 

* * * it ma\ weFlhetliat the sharp boiuularv now ^oparatiug 
f Minal instiuction in the school from information education 
(Hit^ide of M'Kool w ill blur, with growinir emphasis on the use 
of technology for formal education outside of school. 

The topic was Dursued further by the cluiirnuin. who queried Dr. 
♦ Ifeu^ton regarding his earlier point ''about the lack of impact of 

aihlitional resources and the niaior technology sliift." He noted that 
the (\>ngres.s would he glad to hear of Hiis. because we are about to 
rut the school bmhret anyway." Dr. Heuston .started bv sayinc: that 
till? 'jiractical implications are tliat there will be packages distrib- 
uted for home instruction" and that parents will he able to get useful 
maieiials to help theii children. Notinc: the differences between the 
home and srh(K>l market.s. he emi>hasize<l that early experience^ had 
>hi>\\n that "students pieferred straightforward materials in learning 
<itmition> ' a^ opposed to -wanned-over Walt Disney.'' The "efficient 
programs" are tliose that will «;ell. 
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If Coiinrross wants to do anything with any budgets, I sug- 
gest that yoii oonsidor that wo have a delivery mechanism in a 
position to servo the schools. Wo have publishers ready to 
5^orve the schools but they lark the capital to develop the 
programs to support the school market properly. 
Dr. Ileuston reminded liis listeners that school budgets for hooks and 
audiovisual equipment had droi)ped from 2 percent to 0.08 of 1 
percent between the late sixties and the present, far below what the 
publishers used to count on. "I am afraid there will be a considerable 
lag between that advent of the hardware-^which is upon us-and the 
promulgation of i)rograms from publishei-s/^ Tie then expressed the 
pei-sonal hope that the new Depai-tment of Education will budget 
money for Vome rapid curriculum development that can iro into the 
puh ishers domain so they ran accelerate delivery to the schcjls;' 

riie four panelists who had l)een assembled to discuss '^Social and 
hconomic Impacts of Information Teehnology in Education'^ were 
then introduced : 

Dr. J. r. K. Licklider, Laboratory for ('omputer Science, Massa- 
chusetts I nstitnte of Technology ; 

Dr. Maxjne RockolF, Vice President, Planning and Research, 
C orporation for Public Broadcast iuir; 

Dr. Vivian Horner, Vice President, Program Development, 
U arner Cable ror])orat ion ; and 

Dr. James Johnson, Director, Academic Computing, rnivensity 
of Iowa. 

In his opening remarks. Dr. Licklider said that his presentation 
would have five parts : 

1. * * * my glimpse into the early 1090 s to see what educa- 
tion is going to be like. 

0 * * * information technology may have a major 
impact on educat ion. 

3 * * * ^y]^y information technology is not actually having 
a major impact on education. 

4. * * * the nature of the potential impact . . . what the ef- 
fects will I)e if things go strouirly— the effects includiuir 
benefits and co^ts, and al^o the dan'irors involved. 

T). * * *• what needs t^o hd done to gain the benefitvS and 
avoid the dangei-s. 

Featured in thefir.st ])orti(m of this speaker's talk was a hv|H)thetical 
public Hassroom environmi-nt in the early lOOOV, with a multi-ef)iso(le 
ST'^nano invohinga young lady st^(len^^lallled Cheryl, aged IT). The 
rather futnristit' cla.^srooin learning en\iromMent features a student 
work area where the surface of the desk is an ''interaetion inedium" 
capable of displaying iuiages, pictures, diagrams, and pages or para- 
graphs of te.xt, as well as being sensiti\e to what is written on it 
(pictures, diairninis or hand-printed charactei-s) . This electronic de.sk, 
the locus of rher\ Is activity, contains a small computer which is con- 
nected to a "schoolwido fibre-optic network'' which can conyey packets 
of digital information amrmg desks, computei-s, and data bases, plus 
varions wall display screens and production printers. 

The initial thrust of Cheryl's exercise is to explore various cultural 
facets of tjie Indian subcontinent, which requires her utilization of a 
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computer drawn map, roplctc witli images of cities, towns, streets, 
buildings, peop^o, and animals. She formulates a program, defining 
a set of 10 rerrions, and then calls for typical pictures of various modes 
of dross. A tost of recogiiizin^r persons by their dress then is under- 
taken, with tlie computer checking the correctness of the guess. Hav- 
in<r developed some skill, though with a high error factor, Cheryl 
wants to share her accomplishment with some colleagues, and also 
test their recognition ability : 

She checks to see whether or not Johnny, Sue, and Bill are 
on line. Sue and Bill are. They are both accepting notes at 
the time. She sends Sue and Bill a note. She says, "I have 
a neat new tost for you. It will take just 8 minute. May I 
show you some stuff on your displays, or will you come over 
here Bill responds by coming riglit over. He likes Cheryl. 
Sue was not born yesterday, and she knows enough to say 
she'll accept output on her displuy. 

In no time, Cheryl is testing out Bill's and Sue's ability, 
which, of course, is almost nil, to associate pictures of the 
people of India with the parts of India in which they live 
at the time. 

Cheryl displays her n^wly won mastery and accepts the 
positive reinforcement provided by Bill and Sue. 

At this point, Dr. Licklider told his audience, Cheryl must choose 
between arranging a competitive "game'* involving others— with her- 
-^elf as overhcor — or expanding the scope of her learning program. 
Her deei>ioii is to ''take the first step toward learning how to control 
the presentation of information on other people's displays. First, how- 
ever, bhc sends one of her teachers a note via the electronic message 
system (appearing here as Figure 17) : 

Fu,LUE IT.—Siiinple screen displaj on 1000 electronic message system. 
('Iitnj! xtnds onv of Jur tvddun a note iia the mcs.satjc systcin: 

To .Jinx. 
Kroin • t*!ier. 

Siihject : I>earning the net. 

How (\o I alMnit U-arninjr how to put pictures and text on other 
vtu*!tMits' (lisplM\sV T Ixiiuw I will lm\e to hii\e their piMini^si4»n. I Know 
how to pm I lie pictures and text on iny own display. And I can put 
exactly the >anie stuff on one or more other displays hy lin^^in^; to the 
uther Vonvules. But ! want to seiid different pietures to <lifferent dis- 
phi\s at the same time. I need to know about this In order to build 
A te-t ;;anie m w hich I can present pictures to .^.everal people at the same 
tniie different piuures to different people— and ha\e them respond 
by tr.Mut: to iilentify or classify the pictures. It Is a neat game test, 
but it just works for one i)erson now. Please help me. 
Yours 

Oheryi.. 

Z. 

Send. 

[Sent to .inn. Carbon sent to Cher. Snd.l 
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The teachers response, tolling her of a speciaf meeting to discuss 
pertinent interrogation schemes, interrupts her reading of an article 
in French. Here, Dr. Licklider interjected that this on-line program 
features the same article in both English and French versions, with 
mterconnecting pointers which allow transitioning back and forth be- 
tween the two lan<ruages. He then told hrtw she can place her French 
program on "hold," and move into another activitv area. The final 
sequence involving Cheryl in the witness's oral testimony, treats a 
Q-and-A exchange with the computer (called "KB") : 

KB, 'Wliat do you have about the costumes and appearance 
of people in various parts of India? 

And KB replies: I know many things about the people of 
India, the styles of clothing that are worn in the various parts 
of the country and by the members of the various castes, and 
the appearances of the v**,rious ethnic groups that comprise 
the population of India. 

Do you ^vant to ask me specific questions, or would you 
like a brief summary of what I know about this topic? 

Dr. Licklider concluded his scenario on education in the 1090 dec- 
ado by saying that ho wanted to suggest: 

That education can bo built into an interesting, social, ac- 
tive way of life. The individual student can take a lot of ini- 
tiative and choose directions that are interesting to him or her. 

That educational technolo«rv can provide a stimulating en- 
vironment for learning, and that such an environment is to be 
preferred over machines that cram Information into people. 
I am against the cramming. 

That educational tcchnologv can introduce both efliciency 
and effectiveness into the lives "of teachers, by giving them the 
timo and facilities that (hey need to work eiTectivoly with in- 
dividual students. The technology should do the part of 
teadiing it can do best and fr-ee the time and energies of the 
teachers for inspiration and reinfowment. 

That a lot can bo done with the techniques and methods 
that are already understood. 

That there is timo between now and the 190O's to develop 
somo .sophisticated knowledge-based systems, but even then 
there will still be continuing work on such svstems. The so- 
phisticated svstems will not liavo displaced the standard 
stuff. 

That tho educational computer-communication systems of 
tho 1990 s will deal with images quite as well as witli numbers 
and symbols. They will work with speech, too, but perhaps 
ji hit less well. 

That students in <rood learninfir environments will feel some 
stress from having so many interesting avenues to explore 
and from sometimes having to make painful choices among 
attractive alternatives. 

That students can bo creative and valuable sources of edu- 
cational software. I believe that very strongly. In iny budget 



1C3 



161 



estimate, half the software money goes to professional pro- 
grainmg shops. The other half goes to extracting software 
from the process of education. It goes mainly to teachers and 
students. I know tliat. at tlie college level, students can create 
useful programs. I am pretty sure that will filter down into 
the higii school. Perhnns it will sip even further. 

The use of com^^ :rs will blend into the programing of 
computers, and students will do a lot of their learning by pro- 
graming, by preparing and testing programs that help them 
interact with the information and knowledge that is available * 
to them. 

The computer-communications system of a school will be a 
distributed system, a network. It will be part of a network of 
networks that will reach across the United States and per- 
haps into other countries. I did not go so far as to put Cheryl 
into direct communication with students in schools in India, 
but I was not inhibited from doing that by any essential tech- 
nological barrier. 
In a philosophical vein. Dr. Licklider then acknowledged that 
through participating in the hearing, ho had come to realize that "a lot 
of us know . . . and believe the same things . . . the key to all of this 
is to figure out how we can start moving." 

Turning to his second focal area— why information technology may 
have a major impact; on education— he read one paragraph from his 
j)rcparcd testimony concerning the rapid advances in mformation 
technology: 

The personal or hobby computers that you can buy at the 
computer store today for $750 are more powerful and faster 
and hold more information than the first core-memory ma- 
chine I had the pleasure of working on. It was the very first 
production PDP-1 computer, the first production computer 
n.ade bv the Dijjital Equipment Corporation, and it cost 
about $150,000 in 1^58. That is a cost-reduction factor of 
more than 200 in 22 years. The factor of speed increase is 
about 10. from 10 microseconds per instruction execution to 
about 1 microsecond. The factor of increase in processing 
power per instruction is smaller, and we may neglect it for 
the purpose of showing that the double-every-two-years rule 
checks out. Just not that the factor of 200 and the factor of 
10 combine to yield 2000, which is almost exactlv the result 
of 11 doublings, one everv 2 vears for 22 years. Eleven dou- 
blings yi*^ld a factor of 2048. 
His di.sou.ssion of the evolvins: technologies, including laser printers, 
magnetic bubble devices, and electronic beam services, then focused on 
\ideotli^\^. botli analog and dioritaL lie iHn^^ratwl the utility of this 
innovation with a true story about an MIT friend: 

* ♦ ♦ Nicholas Xeirroponte. runs a l)eautiful laboratorv in 
the School of Architecture in which he and his associates 
work on computers in .support of architecture. They went to 
.\spen, Colo. They photographed the roads and streets at 10- 
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foot interviils. Thc!i they transferred the pictures on to a 
video disc controlled by a computer. You sit in the driver's 
seat of an automobile, turn the steerinj^ wheel, and drive 
around Aspen. As tho yehiclo moves down the street and 
- around tho corner, tho computer selects and presents the view 
that vou should see. The trip is a bit jerky because the photo- 
graphs, were t^iken only every 10 feot, but the effect is real and 
coinpeUin^r. With 50,000 pictures on a video disc and video 
^ discs f\t $10 each, one could store 50 miles v.orth of pictures 
taken iiist 1 foot apart for the cost of an airplane ride from 
^ew \ ork to Aspen and back. So much for travel in the fu- 
ture. If we ever ^ot into a bad Energy shortage, computer con- 
trolled video discs will help. ' i 

Next, Dr Licklider talked about software, stating? that "we are over 
the hump on several software problems. The good programing ffroup 
^ can now make hu^ programs on schedule.'^ In referring to educational 
-applications he said that the software costs were estimated to bo only 
ualf of the hardware expenditures: the reason was that replication 
cwls httlo and this will be a biir factor in planning future systems. 
' Productivity ' problems in the United Siates, the witness emphasized 
are severe. 'It is clear that our on-the-whole terrible performance in 
education is, in large part, responsible for the decline." Japan and West 
(xerniany, on tho other hand, are doing relatively well. Pie expressed 
the belief that "the key to reversinor the decline is p irt education and 
part information technolog\% Good use of information technology in 
business and industry would help ns greatly. There isn't any other Way 
to get product ivity turned up in a short time." 

To make a major difference in 'iducation will take a decade. 
I think ^/e may just have to learn to live with oilX^^and -one- 
half-class citizenship in the world community for a few years. 
And during that few yeai*s we had better "get ourselves 
together." 

In discussing the "quality of life'' Dr. Licklider admitted that gaso- 
ine shortages may curtail travel, but "learning to explore the world of 
k-nowledgo. to explore information bases, and knowlcuge bases, can be 
quito as interestmor, quite as exciting" He then spoke of the "compel- 
ling impact of workinir with a system such as ARPANET and how 
on-hne interaction is "a better addiction" than drugs. There are dangers 
m n^ingtechnology, and edi cational applications should not be "driven 
onlv by the for-esof the marketplace," since "would-lv 'ploiters"may 
«ell a lot of inferior stuff before the good stuff is developed." Another 
danger involves an undue emphasis on factual information that is: 
* * ♦ easy to "input" into the "computerized" and "netted" 
[systems] * * * government or other ideological organizations 
will exploit the image of the computer as all-knowing and in- 
fallible. If the schools were "coniputerized" and "netted" and 
the Government wanted to control the students, technology 
would present an awfully efficient way to do it. 

And fmallv, he said, there is the clanger that ''technologv will trm out 
to be so effective that it gets into the schools over the dead bodies of the 
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leachors aiuL in the pnuH^s, cM-oatos a disruptive adversary situation lu 
the schools." He ^u«^ge^t(HL in ch)^iii<r, that thinking abont such dangers 
should bo periodic, and ''not left entirely to the antitechnologists." 
We can't allow technolo<r\- to shape education to the profit 
or convenience of technologists or to the will of political 
ideologists. Equallv. we can't allow ourselve.s not to use tech- 
nology just because powerful forces arc dangerous. 
Dr. >raxiiie Rockoff, Vice President for Planning and Research at 
the Corporation for Public Broadcasting, began her testimony by iden- 
tifying four points of special significance : 

1. * * * it is unlikelv that we wi]l have a technology revolu- 
tion in education * * * it is not in the Nation s best interests to 
have one. 

2. * * * there are le.^s ambitious goals that we could adopt as 
a national policy * * * universal computer literacy [isl one 
such goal * * * even this is too expensive in terms of tradeoffs 
that niav l)e required. 

3. ♦ * * we should settle for computer comfortable as a na- 
tional goal. 

4. * * * speak to the possibilities with respect to private sec- 
tor involvement that could help make this an achievable goal 

The witness stated that use of teclinolog>- "has to be in the best 
interests of those directlv affected" to be adopted. She then selected an 
example of a situation reflecting this principle from her written 
testimony: 

In one niral clinic in Oregon, we had nurse practitioners 
who were backed up bv a physician 55 miles away. We had a 
two-way slow-.-can televi.sion .system installed that was rcla- 
tivelv inexpensive and relatively simple. On its face, it ap- 
peared to be co.st effective in that the cost of travel that was 
averted on the part of the patients from the rural area were 
more than the co.st of the technology* itself. 

However, after the Federal funding ceased, the technology 
was removed. When we went back and asked why the teclmol- 
ogv did not become adopted, the answer in part was that the 
teclmologv was not in the best interests of the people that had 



The physician uivolved in the project was really not inter- 
ested in .sKving patient travel. Tn fact, his interests were best 
served by increasing patient travel. He was looking to the 
rural areas because the urban community in which he was 
practicing was becoming tight with respect to an oversupply 
of physicians. 

After expressing doubt that "teachers arc going to adopt labor- 
savinir devices,'' Dr. Rockoff questioned the desirability of having 
a technology ivvolntion in education, pointing out that "it is not just 
the capital 'costs: the opportunity costs must also be weighed, bhe 
went on to sav that her goal, in 'lieu of computer literacy, would be 
"computer comfortable" which equates to "the ability to interact 
with an inanimate hut intelligent object or device comfortably. The 
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example chosen to illustrate this point was the Metro rider's crowing 
nrott / ^!«\'" m"*'^ (indirectly) with a computer, with a high 
probab ity that other related functions (e.ff., obtaining route and 
scheduling information) will be added in the future/ ^ 
«nl ;!. "''1"^"'/'''" f''*" ^"estion: "What Government actions 

<"nnL. f!f '"i' f'"u,"o',^'l^.'^ fhat all of our citizens become 

omputer comfortable?" Her answer was based on the perspectives of 
tno user and the private sector: 

First, there are important publicly supported experiments 
and demonstrations that lie outside the education system. 
!< or example, we at CPB are supporting a Teletext experi- 
ment in partnership with the National Science Foundation, 
fu XT .- tP'Pcommunications demonstration program, and 
the National Telecommunications and Information Admin- 
istration to explore what kinds of public sector and private 
sector mformation could and should be provided to the home 
television set as part of the broadcast television signal. 

W e want tc know what kinds of infoi-mation the user will 
want in this form, whether it is information concerning the 
availability of services for the elderly, health-care tips, menu 
planning, television schedules, weather, or the like. 
Dr. RoekofT stressed that experiments such as these are important to 
_ define what the potential for technology is, much as -the experiments 

L»^.X ,^ '"t •tr!i^'°'J "'^r^ fo*"- t'le possible 

future that Dr. Lieklider has drawn so excitingly." She went on to 
sa> that not all of the investment must come from the public sector, 
•and mentioned several areas where the private sector is making 
major investments : _ 

• the office of the future ; 

• electronic banking; 

• airline scheduling; 

• electronically delivered stock market information; and 

• satellite-based data communications. 

Also "industry is making significant educational investments to teach 
people how to interact with the necessary devices. Her secqnd ques- 
tion, again answered in the negative, concerned whether "the entire 
educational burden [should 1 lie completely in the private sector?" 

JNevt, J)r. Roekoff talked about a device called "Intellivision," 
marketed by MatlfeUncorporated, which through adding a computer 
keyboard goes well beyond the by now traditional television games" 
capability offering '-individualized tax preparation, stock analysis, 
.istrological forecasting, and guitar lessons." In addition, she con- 
tinued, this prpduct : 

* * * offers The Electric Company's arithmetic and spell- 
ing lessons for 7 to 11 year olds. The Sesame Street graduates, 
the 3 to 5 year olds, v/ill be computer comfortable without 
even knowing that they are, in fact, interacting with a com- 
puter as they play these games. Small children will become 
skilled at interacting with an inanimate but intelligent de- 
vice. I predict that such children will accommodate easily to 
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more sophisticated information processing tools as they grow 
up. If technologies like Intellivision become widespread, they 
will go a long way toward assuring tho minimum level of 
computer comfortableness that I am advocating. 

Two key queries for the education professionals next were voiced : 

How can wb take advantage of developments taking place 
in the private sector as information technologies are being 
adopted there? 

How can we identify and then prevent or ameliorate their 
many potentially harmful social consequences? 

In connection with the latter question, she stated that the dangers 
of a technological revolution in education "are going to be even greater 
if the profitmaking private sector drives the technologies. Among 
those concerning her: "dehumanization, propaganda instead of edu- 
cation, emphasis on facts over concepts, and, most importantly, 
inequity." 

In conclusion, Dr. Rockoff iterated her salient suggestions: 

There is unlikely to be a technology revolution in educa- 
tion, given teachers' probable resistance to adopting teacher- 
savinf^ devices. 

Universiil computer literacy would be one possible educa- 
tional goal that would require a substantial investment, albeit 
a smaller one than would be require<l for a technology 
revolution. 

I world settle for computer comfortable as a goal rather 
than computer literate, given the tradeoffs with other educa- 
tional goals. 

I see promising developments taking place in the private 
sector, such as cable-driven television learning, which makes 
mo optimistic about our chances for achieving this more 
modest, but still challenging and exciting goal. 

The next witness was Dr. Vivian Horner, Vice President of Pro- 
gram Development for the Warner Cable Corporation, who remarked 
alwiit the similar know^ledge and views of those participatinjr in the 
lioarinir. She then quoted a section from I^s Brown s book. Keeping 
Your Eye on Tclerision^^^* which offers "an accurate picture'' our 
clianging relationship with the television set. It tells of "daz/ling 
now kinds of television ... the gifts of an exploding technology. 
Individually or in combination, the electronic marvels that^ are n ow 
bidding? for a place in the, scheme of national and global commu- 
nications." 

* * * could touch off a second television revolution or one 
that might deal a severe jolt to the existing jonmiercial tele- 
vision system and profoundly affect the way consumers use 
tho medium. Through these new delivery systems with their 
special components and anteanas, the ordinary television set 
mav take the place of the bygone neighborhood movie house 
and could become an extension of the opera house, football 
stixdium, library, university classroom, church, town council 
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and tJio liosi>it4il oiiiei-frcncy i-ooni. Wo can foresee these sots 
3?rvins as a burglar and r,ir alarm system, a home computer 
and a receiving; unit for electronic mail. 

The witne.^ noted that '-It sounds like tomorrow, but it is today 
land) i<? the most fundamental fact that we, as educators," must 
rocojjnize. 

Ilor next series of remarks dealt with the innovative, interactive 
cable television system in Columbus. Ohio called "Qubo."' Allowing 
subscribers, tlirouph pushing small buttons on a small home console, 
to respond to cei-Uiin programs, it has been called "talkback TV," 
participatory television." and "the ultimate democratic tool." As de- 
scribed by Dr. Horner, those subscribing : 

* * * bavo tlio clioico of viewing uninterrupted movies; 
waU-hing the Ohl -Purdue football game without commer- 
cials; participating from their homes in a book club discus- 
sion of Follett s "The Eye of the Needle," taking a course 
tor credit froni home; asking and answering questions via 
the homo terminal or via telephone; attending a community 
planning board meeting and letting their views be known 
witliout leaving their living room. And while they are doing 
any of these things, or even while they are not at home the 
same, computer that makes these video options available is 
monitoring burglar, fire, and inec'.ical alert sy.stems in their 
homes. 

Then, tlie witness shifted lier attention to "the confluence of com- 
puters and communications." which is "at the heart of the chancres 
that uo are hei-o to examine." Citing her five years of serving as Di- 
rector of Kosea.-c.h for "The Electric Company" at the Children's 
1 ele vision oi kshop. she noted that "I believe that I came to under- 
stand what broadcast television, at least as an educational instrument, 
can C O and what it cannot do." After stating that the pluses include 
bi-eadth of reach and commonality of experience," Dr. Horner set 
forth two "telling shortcomings :" 



* ♦ * 



it is a medium of scarcity— that is, access to broad- 
cast time and space is .severely limited. 

* * if one-way . . . the educational broadcaster can 
onlv control the audiovisual stimulus which is only one cru- 
cial factor in learning. 

'•I look to the emerging electronic technolog\-." .she said, "to eo 
beyond these limitations."^ > fc, 

.-U this juncture Dr. Homer remarked that cable technology, and 
perhaps direct «ate.lite-to-home transmission, will offer large numbers 
of channels for homo consumption, which in turn will open up edu- 
cational po?.sibilities at home such as: tuu 

coilege-cmlit telecourses: 
sel f-in.structional programs : 
continuing professional wlucation; 
lecture series; and 
.special needs programing. 
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And ovon more iinpoilantlv. slio noted, "the pairing of computers 
and cable has created the possibility for educational television to bo 
a two-way process." 
Tn differin*; with Dr. Licklider. she stressed that there is: 

* * * ample e\ ideiice from research in the psychology of 
learning to indicate that interaction is a vital ingredient in 
the leaniing process. T would not recommend extensive finan- 
cial resources be allocated to investigate whether interac- 
tion is important, but only that funds be allocated to deter- 
mine the kinds of interactions which are necessary to create 
sound learning, utilizing the new technologies, and to create 
and sustain environments that can maintain t!ie results. 

After commenting about the probable future "democratization of 
the learning process ' thmigh the use of small computers in the 
home— at an even faster paoe than in the schools — she underscored 
Dr. Lioklider's belief that good software, "the creation of appropri- 
ate leaniing materials," and the creation of appropriate settings for 
man-mai'hine interface are vital. Decrying our casual concern for 
•*the humane use of * * * hardware to solve our human problems/' 
Dr. Horner opined that "wo have an opix)rtunity to do some intelli- 
gent advance i)lnnning.'' She |)Ointed out that technology will : 

* * * take care of itself and the economics of the market- 
]>lace will M*e to it^ rapid spivad throughout the society. But a 
maior and ^ustai^e<l ofTort will be necessary to insure quality 
and coherence in t he educational uses tp which this technology 
iS put. The British open university experience mav offer us 
an in^tnictive example. They recognized that public broadcast 
televi=;ion could bring one kind of experience to many indi- 
viduals at once, and thus be very cost effective. They also 
recognized that television could not do the job alone. Appro- 
priate print materials, regional tutoring centers, uniform 
accreditation procedures, a tight line on quality, all contrib- 
uted to the success of the British open university.- 

Educators In this country must plan similarly, she said* and take 
stei>s to "create a pool of people who understand the new technologies, 
as well as the needs of education 

We need to divide the learning process into those features 
which lend themselves to interaction with the technologies 
and tho«^e which do not, so that learning networks can be made 
functional and the necessary roles of people defined. Above 
all. appropriate learning materials, video, audio, print, com- 
I)ntei' software, and so forth must be collated and created, and 
people tNiined to access and use those materials for creative 
problem solving. 

In completing her oral testimony, Dr. Homer empha^sized t. at 
schools "need to he thought of in a broader sense, as facilitatoi \ of 
the learning process rather than a.s primary locations for it * * * 
educational institutions will need to recognize that learning occurs in 
many places and in many ways." 
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The task of those institutions will be to insure that the 
sequence and quality of learning experiences are right and 
that learning for tlie individual has indeed resulted in a 
specified degi-ee of mastery. 

Tho final speaker of the morning was Dr. James Johnson, Director 
of Academic Computing at the Univei-sity of Iowa. He informed 
the audience tliat his focus would be on higher education, and that 
the work of which he was most proud, called **Conduit," involved the 
dibsemination of coinputer-basea instruction materials in higher edu- 
cation. Conditions there, he said, "are quite different than they are 
in the rest of education * * * technology is not widely used in in- 
struction today." 

In fact, in a survey that we did a couple of years ago, we 
found something like 60 percent of the departments of biol- 
ogy, mathematics, physics, and chemistry made no use of the 
computer in undergraduate instruction at all. Where the com- 
puter is used in instruction, 40 percent of the time it is as a 
tool or object of study. It is not used as a delivery mechanism 
for instruction; it is used to teach programing; it is used to 
teach data analysis; it is used in information searches. But 
it is not widely used in instruction. 

The witness went ahead to say that during the next decade there 
would be a dramatic growth in higher education use of computers; 
four reasons were given : 

1. * * * it falls on higher education to train people for use 
in industry and to develop new research techniques and new 
methods * ^ * AA"e produce people that have to go out on the 
first day and be a teacher * * * the rest of the economy is going 
to put very heavy pressure on hij^her education to train the 
people in using computer technology. 

2. Unlike elementary and secondary schools, attendance in 
higher education is voluntary . . . the focus can be on the 
learner, not instructor . . . Students are going to demand new 
technology, and colleges are going to have to provide it. 

3. * * * the colleges and universities have a great deal of 
competition in research . . . research results are measurable. 
That forces instructors and researchers to go out and get the 
funds * * * to provide themselves with the latest technol- 
ogies so that thov can keep competitive and current. 

4. * * * in higher education . . . people can get computing 
by themselves * * * it seems that every laboratory in 
tho University of Iowa has a micmcomputer * * * for data 
gathering. 

At this juncture. Dr. Johnson offered insight into how computers are 
handled within the budget process : 

A lot of estimat>esof computing on the university campuses 
point out as little as a third of the expenditure as actually 
explicit. That is, only a third of it shows up in the budget for 
computing. The rest of it is hidden away in departments and 
in departmental purchases. 
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Ho then exprogsoil tne l>olief that ^computing costs are going 
to incivase to higher education veiy dramatically;' based on tins 
reasoning: 

A lot of people in engineering today are saying that we 
ought to provide our students with computers for computer- 
assisted design capabilities * * ♦ It is an add-on cost ♦ ♦ ♦ 
There is no corresponding increase in productivity to the edu- 
cational institution itself. 

* * * there is going to be a heavy startup cost . . . this 
requires capital and labor expenditures hiitially . . . the in- 
vestment today is not going to give us any cost savings in the 
next 5 to 10 years. 

* * * the structure of higher education changes. Business 
schools and computer science departments are growing * * * 
In computing you have to increasin^rly compete for the fac- 
ulty members with the outside * ♦ * When you hire them, you 
pay them twice as much as a professor of mathematics. 

* * * accessing information throughout the world rather 
than locally . . .becomes an exteinal cost fo the institution; 
they must take money out of their pocket and pay somebody 
with real dollars. 

* * * niost colleges and universities have been relatively 
self-contained * * * To do something new we have the fac- 
ulty work an extra 4 hours . . , having to, go out and get re- 
sources from other places rather than from a "free"' labor 
resource or a cheap labor resource will increase the cost of 
education. 

Dr. Johnson next examined the ways in which institutions of higher 
learning might move to cope with such increased costs: through creat- 
ing Inrgor courses, increased specialization of curricul.-*., and institut- 
ing ^'electronic offices tu get inci-eased productivity.'' He warned that 
this may mean that "We are going to implement the vv-orst example of 
computor technology to solve our problems very quickly by reducing 
costs.'' In some instances, computers already are being used to help 
students pass tests, "and we . . . forget about whatevor else is going on 
in the educational process/' 

At the University of Iowa, there is a course in medical 
terminology, Latin and Greek. It has virtually no instructor 
and no class meetings. It is all computer-assisted as an ap- 
proach there with te.sting at the end. They r. something like 
200 of the students a semester through tliat particular course. 
This may be appropriate for this course but is it for all? 

And finally, he said, "we will finance the new technology with higher 
tuition." 

It was the opinion of the witness that the application of the new tbch- 
nolog>' cannot be delayed, because the "biggest crisis we face in educa- 
tion generally, specifically in higher education, is loss of confidence.'' 
Throe groups are evincing displeasure with the present situation : - 

• Employers are mad at us because we don't train people the way 
they want them trained. 
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• StluloIit*^ <r('l Iliad hotaiiso they oaii t pot jobs. 

• Most i»ii)ortanti\,t!K't'tIucator.st!uMiis('l\osaro sittiii<if Imck and 
>ayin<r, ''We're >i)endin<r J^H this nionev for eoinpiiters. What haj)- 
pened to traditional arts?" 

Aft^r describinfr tho differences between his children's classroom — 
•'something out of the 19th Century'' — and his m -^ern, technology- 
supported office environment, Dr. Johnson concentuitod on funding 
problems : 

Then we start asking questions. Wo start saying, "Well, 
couldn't we, as a university community, spend inoro money on 
education? We can go out and vote and spend more money on 
education?" What happens then? The state says, "You can't 
spend any more money on education." We have equalization 
laws. Every district has to spend approximately the same sum 
of money. If you want to spend more. State aid then goes 
down. There are a lot of pressures to prevent you from making 
changes. This reflects on our Government because education is 
perhaps one of tho first places whore wo all deal with govern- 
ment. This is a very serious personal concern that I wanted to 
share with you. 

In his closing remarks, he stated that artists, poet^, and novelists as 
well as computer bciontists and economists should be considering the 
long-term impacts of computers. Just as tho book Th€ Third Wave 
deals with tho potential of computing and communications technology 
for '^fragrhenting our pocioty/' Dr. Johnson warned that the future is 
"not a straight-line i)rojoction from the past" and that wo may bo faced 
with a "total discontinuity." 

The first question to tho panel came frotn Alfred Bork, Educ^itional 
Technology' Center. University of California at Irvine, and dealt with 
"our chances of obtaining extensive funds for curriculun^ development, 
eithea; through the Governnient or through some sort of combination of 
Government and commercial concoms." He noted that **It does seem 
critical for tho future that \re have some coherent development of full 
courses that involves a computer as an integral component." Since there 
was no reply from tho panel to this query, that of another attendee, 
Allan H. Levy, School of Clinical Medicine, University of Illinois 
(Urbana), was entertained. Within the context of the "increasing con- 
fhience lx»tween cornmunicatiqns and computers" — and here ho noted 
his awareness of tho PLATO system's utility — ho asked for "ideas as 
to how we could evaluate the effectiveness, in professional education, of 
what I see ab a tremendoiii^lv useful tool in profcvssional dcv<»lopment." 
Dr. Horner, who reflected her involvement with "several attempts to 
iisi' cable tele vision for continuing professional education,'' differenti- 
ated Ix^tween whether a system (such as PLATO) is valuable or not, 
and "whether you can got done what you need to get done and loam 
what you need to loam, and got properlv acrre<lited for it". Some pro- 
fessional groups (e.g., the American Medic4il Association) are com- 
mercing to give continuing education c-oui*?es. Dr. Rockoff added that 
in eviiluatin^T the technolog;v' "it is important to assess who pavs and 
who benefits." 
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In a y.nn<r,' of fmni.s, Harold Bodor of Rntgci-5 Univci^it- 
vomindod t ho attondoos that '-Littlo has boon said as to hou- odn- 
H^lTTi^T ir /''I'rV'" educational system. Ho 

-t.tufod today n.i.ffht p ay ,n tho lOOO's sconario. -it soonis to mo." 
110 <,uii. "that ( horyl could do hor thin.ff in hor homo, the local library 
or virtually anywhoro. as well as in somothinc called a school " Dr.' 
l.ickhdor. m response, cited the imiwrtancc of "social support" for 
TntXrff'f "^:l'^'|r- believin- in "tho distributed 

first rwn lT'T-'"^ faco-to-facc moetinjrs 

lirst Jwould be] in order to get acquainted, to establish rapport " He 
orb « mt "if tho school is not roceptivo bit hostile " 

tiori; lu 'l n ' '^'"i'^ connnorcial schools or oduca- 

•vn .r • • "T- tl't"" -loi-scorod rhe criticalitv of 

coitihcation and irrant.nir of de-roes." and said that onco control of 
l o accrediting process is taken "out of tho hands of education 

roi people ro do it on their own at homo " 

tioner n'i q""' '^''''X'^V "'^^ tho focus of tho last ques- 

fionei, Dania Stagoi-Snou. Graduate School of Education. RutWrs 

on «ill occur across classes . . technology will increase tho gap 
be ween lower and upper classes/' Hor concern: "how is the tech- 
nological revolution going to-iiandle cultural diversity ?" Dr ./oh - 

Z;' o,ir'r'"'- I" ''''' "'f ^''^ "'^'''^>- -^"'"e- P"'-e"ts '••iolivor-' 
lo ta kS^^^^ fr ""T "f^r''-^- tl'.-'t "I think when peo- 

iidoli .nnw f " y.they are sin.pl^ saying that this toch- 

iiolop allou.-, for greater m.lividualization of what you're doiiK^" 

fo;Vir"S^;'l'TVSLl^i;j:"^ ^''-^ I^^P'-»^='<i- Brow... 

„i;vi;io ° 'rlr- ^°"?~"-e-^-'5 to appreciate tho com- 
lexitie.-, of tJiis very important problem of the i...pacts of 

on Vho'-liTl ^'/''""'"f ^■'^ "> computo.-s a.id con..nu..ications 

?,^al sn ;i - P ••• • T ^ postindus- 

t.ial soc.oty Cong.-ess is just beginning to wake up to the 
in.po.-tanco of this. n» mc 

These opening .•e...a.-ks at the .seminar luncheon following the n.or... 
iiig session were .M.ccoodod by the Chai.-n.ans ..oti..g the ^rosonce of 
Senato,- Harrison H. Schmitt-[who] has played a ve.-v key 
hl..ling\l.is'ot.'" °' '"""'-^""^ '^'-^"^ ^-'"->"^^- 
Rep.esentative Lionel Va.. Doe -lin-chainnan of the Co.nn.u- 
nrn .•'"^""^'V'ttoe [who] is t.-ving to grapple wit the 
tTottdust"-"'^ '"-"'-"^ °^ tlio'conimu' ici- 

exSollTSIcl?inTh " '"^^^ f"'-^ technological 
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parts of the pinatt* ^t'Ctor.'' Acknowledging that such efforts *'take 
considerable time," he assured the attendees : 

. . . that information and its impact on society is mov- 
ing to the top of our priority list. We will be involved in it 
for years to come. 

Tho challenge before the Congress and all concerned about this focal 
area requires: 

, . . that wc have to try to i)iit this tremendously, 
rapidly expanding, complex field into some perspective that 
will allow us to grapple with it in a coherent way within in- 
stitutional systems which are not used to grappling with 
things in a coherent way. 

On April 3. the Subcommittee reconvened, and the fir.st witness was 
Dr. Charles Mosmann. A.^sociate Vice President for Acade-.nc .Re- 
source Planning, California State University at Fullerton. Having 
btrn asked to talk about '*our capabilities for evaluating new^ educa- 
tional technologies . . . and the need for information on the part 
of individuals and institutions who need to make such evaluations/' 
ho chose to nrake three major points: 

1. I shonhl like to remind you of some of the reasons why the 
u?5e of computers in instruction is complex and how this makes 
questions of evaluation diflicult 

2, I want to tell you what parts of the evaluation question, again 
regard in <x the u-e of computers in education, can and must be 
answered. 

T will suggest how we might obtain better answers to those 
(luestion^ and how \\e might get more mileage out of the answei*s 
we do have. 

To make deci-ion.N affecting the future, he said, educators "w'ould 
like to knou how conii)uters have affected education in the past."' Dr. 
Mo.sniann then pointed out that **computei*s have had as strong an 
infhience on the content as on the method of the activity." Calling 
the computer a **sort of intellectual steam engine," as it is viewed 
by many> he argued that perhaps it is "really more Me a telescope 
[simv] ^. . . It changes hu'iian vi.-ion and thus imaglnaWon and thus 
ultimately human goals." I 

Computers in education have made our lives more difficult 
and not easier* as wc were promised. The computer has not 
brought us ch ser to our goals, but has helped us to see further 
and thus to advance our goals, so that we find we have even 
further to go. Have computers helped us to achieve our edu- 
cational goals? I tliink the answer is '"No." But at the same 
time, they have made the question irrelevant. 

N tliat early projections saw tlie computers ''as a machine to 
rephu. human labor . . . the ultimate 'teaching machine,' Dr. ^los- 
maim commented that it is not just '^a passive machine for delivering 
information . . . [hut] has provided a means for giving students a 
much greater insight into the world in wliich they live.'' 

Of the arentest importance in the expanding of computers 
in education luis been the need and tlie opportunity to teach 
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students how to aso the commiter in the activities they plan to 
pursue after leavin;? school. The computer has assumed an 
miportant function in the contemporary practice of business, 
industry, science, and scholarship. Its impact on the profes- 
sions and the arts is arrowing. Almost no student can expect 
to reniain untouched by this tool of almost universal appli- 
cability. So hv chanrrih^ the world of work, the computer 
imposes an additional burden on education: prepare students 
to assume jobs where they will use the computer as a partner. 

He went on to explain that "large numbers of students now use 
computers to do things that would have been meaningless a genera- 
tion ago/' including techniques for problem solving and those allowing 
an expansion of their knowledge. 

Next, Dr. Mosmann discussed the role of coruputers in the social 
sciences, with emphasis on their advantages and dangers within the 
context of socinl impact : 

,Some schools have recognized their obligation to review 
with students the social issues that the computer and its allied 
technologies have introduced, issues of which the rights of 
privacy and the impact of automation on employment are best 
known. 

As a consequence of these factors, schools and colleges find 
themselves pressed for expanding the curriculum by stu- 
dents—many of whom expect schools to provide them with 
access to computing anr^ * stniction in computer-related sub- 
jects — by the market for graduates — for employers are com- 
ing to expect applicants to have some basic computer literacy 
hefore they arrive on the job — and by the general needs of 
our society at large. 

Admitting that "it is clearly imposr.ible tc assess the value of 
computers in in^trnrtion in any abholute wav," the witness addressed 
his Mvond point which fociihcd on answerable questions affecting this 
^^ituation : 

* * * how much computing do students need? 

* * * what kinds of computing do schools need? 

* * * since usage patterns diverge widely, how do you encour- 
iige st udeaits and teachers to make productive use of the i-esource, 
once it is provided? 

* * * how do you tell the difference between productive use 
and its opposite? 

* * * how does an educational institution go about answering 
these questions on its own. for the ouestions must have at least 
tentati\e answers in order for an institution to fit computing into 
its own institutional priorities. 

Dr. Mosmann told of trying to formulate some answers to these ques- 
tions In a handbook called ''Evaluatin.<r Instructional Computing: 
Measuring Xeeds and Resources for Computing in Higher Educa- 
tion."' While no ultimate answers were provided, it "indicated some 
directions and warned of some dangers.'^ And although he had "hoped 
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to assemble fiuis and ur^uinentb to support some fairly straight- 
forward ad\ ice and {)rei'iM» m uinnirmlations/' he discovered tliat tliere 
were '*just noauthoritative pronouncements/' 

One of the basic conclusions of my study and thus one of 
the premises of my handbook was that no universal answers 
aro in fact now posMble, but that each institution must work 
out its own decisions, based (in its own priorities, the <roals it 
puts forth for its students, the abilities of its faculty, what its 
community thinks are the priority and value of computing. 

The witness explained tjiat his study did suggest several alternative 
techniques, and in particular, "stressed the value and importance of 
better measures of the quantity and quality of computing" for teachers 
and students to use. Also, administrators and teachers need data that 
go beyond simply ''how much" computing was used. Techniques of 
cross-institutional comparison and ])eer formance evaluation can 
1)0 useful. Ho next stressed that institutions noed "means of as^eml)ling 
consensus on what their pi esent and f utiu e needs are surveys shoidd 
include, as well as^oachors. the alumni, students at higher levels, grad* 
uato admissions odices. and employers in the conuninuty. But, he in- 
sisted, '*tho ultimate help in deciding where computing belongs in the 
priorities of education would be some hard data on what its imi)act has 
been on tho^o being educated." 

Here, Dr. Mosmann began focusing on his third major point bv say- 
ing that there aro two groups of students, some who received liberal 
amounts of computing sup])ort and otliois who did not have such an 
opportunity. Certain questions were posed : 

• 'Wliat measurable ilifTorence can be discerned l>etween these 
iXTon ps ? 

• Does the use of ('om])uteivi|i^instruotion make any difTerence? 
If Ro, what is it ? 

• Is 20 terminal hours ]M>r \car enough expOMire for the a^erage 
student? 

• llow iniioh better would a student s education l)e if that number 
wore doubled? How would it bo affected if it wore halved? 

The data to answer these quest ion> do not exist, the m itness stated, but 
"a sufficiently careful ami (U tailed effort might bring them into being.'' 
Such a project would be "no ti i\ ial undertaking,*' and would "require 
cxarninintr a ranirc of institution^ of different oualitv a.'jni rat ions * * * 
land] will call for surveys and longitudinal studios of both institu- 
tions and students." 

Still, while we are waitin'r for this major study, valuable 
information can be gathered from other I riefer reports. Mo«;t 
of the data we have on computer use in education are based 
on computer center records reirardinff how many of the re- 
sources different irioups use. Very little effoi-t has been made 
to ask the faculty what their students aro doing and why. 
Almost no systematic i n vest isfat ion has been made to find out 
what students really do in the hours they spend in front of 
computer terminal.s. Only the students have a largo share of 
the most valuable >"^ormation we want. It is hard to get good 
and reliable information from students, but if we learn to ask 
the right questions, they will tell us what we want to know. 



175 



Dr. Mosinann continued, saying that more studies were needed to re- 
cord the expectations of instructors as ihey assi<rn computer-related 
work. In addition, ho identified the need for more research to help un- 
deistand '-what kind of education is takincr placed' when the n.an-ma- 
chnuMnrcM facc is undcrwuv. 

The final sup:^restion of this witness dealt with an appeal for "better 
use of the data we have— limited and inconclusivo as it may be," The 
focus, then, would bo on the evaluator. In this regard; 

* * * the issue of evaluation is important only after the 
decisionmakers in education decide that the questions of eval- 
uation are worth asking. 

lamenting the fact that many administrators and teachers "just do 
not care or— nnd this conies to the same thing— claim that they do 
not have the skill , . . lack the time needed . , , cannot afford the 
cost," Dr. Alosinann declared that ; 

Students learn from teachers, and teachers learn from pro- 
fessors of education. Before students can learn from comput- 
ers, the entire structure of professional education must bo- 
comc aware that computers exist and that they are relevant 
to educational concerns in a very broad context. 

••Information teclinolo^ry/' he insisted, "must be seen as an oppor- 
tunity for improvement, and not a threat ... it must be seen iS 
important across the spectrum of education and not a specialty only 
for mentally gifted minors with a talent for mathematics. We must 
hnd better ways of reaching those educators who have made up their 
minds before the evaluation questions arc asked." 

The Chairman tlien introduced Ernest J. Anastasio, Assistant Vice 
President for Research and Development Administration with the 
Educational Testing Service (Princeton, New Jersey). Mr. Anastasio 
announced that lie would take a broad perspective of the topic of 
evaluating information technology in education, and consider the 
"fundamental set of issues that must be addressed in evaluating any 
instructional technology-." 

Althouirh the "theory" of educational evaluation is appli- 
cable across different kinds of programs, there are some unique 
characteristics in the evaluation of technology-based inno- 
vations. For example, it is important to distinguish between 
the use of technology to improve access to educational in- 
struction by delivering materials already available through 
other niechariisms (an example would be the use of satellite 
transmission of existing TV or radio instruction to remote 
locations in Alaska and the Appalachians) and the use of 
teclinology to augment and enhance existing instructional 
offerings. In the first case, the evaluation is primarily con- 
cerned with problems of implementing the innovative system 
and, if successfully implemented, questions of the extent to 
which the intended recipients make use of the instruction 
provided. In the example, f^>^ f^ontest is between instruction 
via satellite and delivery of no supplemental instruction at" 
all. Because of the nature of the comparison, technology is 
likely to be any easy winner in this case. 
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He continued b) baying that "the largest potential^ impact of tecli- 
nology in education ib in buppleiuoiiting and enhancing instruction,'^ 
which makes any evaluation of an irnovation "far more difficult" and 
forces an evaluator to make "a systematic attempt'' to answer these 
questions: 

1. How did the innovation work — in teniib of performance 
qualitv. reliability and flexibility? 

2. What wore the costs — in dollars, in personnel adjust- 
ment and in extra support and resources? 

3. "What were the effects — the intended effects on learning 
as well as the unexpected outcomes? 

4. How was the innovation accepted- -that is, for any 
implementation, how did the stakeholders, for example, 
students, administrators, and parents, react ? 

In detailing his response to each of these, Mr. Anastasio presented 
bvith philo^^o^)hical and pragmatic considerations for his audience. 
Thoi^e facing' up to question Xo. 1 — "How does it work?" — arc con- 
fronted, he said, with the " 'actual versus potential' dichotomy." 

Mobt technologies are evolving. It is not possible to evaluate 
the "'potentiar' of a technology, except bj^^cxpert judgment on 
actual perforniance . . . When technology is no^ yot stabi- 
li/.ed. the only 'vay to answer the question "How does it 
wo.k?" is to take a snapshot at a particular 'uncture, docu- 
ment it thoroughly, ind use the information to improve the 
^ precision of expert judgment concerning future modications. 

"Xo delivery .'^y^^tem." he remarked. *'can be evaluated enipiric^ally 
without deliverable." Evaluating systems designed to deliver and re- 
i'QiM^ iMlm ationu! nif-.>a'res nt'oeshitafes binding the question "How does 
it work?" to the uH riculnm being implemented. Then he stressed that 
the ••curriculum delivered must be worth delivering"; 

The* temptation to exploit the capabilities of shiny new 
hardware almost invariably means that no "traditional'' cur- 
riculum, or coui'^^eware to u.-e the current vernacular, will be 
been as sufficiently well-matched to the unique properties of 
tlio s\>tem to i)o ivadily adapted to the new techno^og}- Thus 
dc\i'loperh t'mbark on new curriculum development with an 
optimism uncontaminated by experieni'e or by the knowledge 
that curriculum development takes years of trial, error, and 
revisions, and can con^^ume vast amoui.ts of resources, with a 
re>n]tmg product that i^ no better than that currently used in 
the s4-h(><»N. When such a home-brewed curriculum is delivered 
\ ia the ^hiny iww hardware, and evaluation shows it to work 
no better than dm*^ the traditional curriculum, the question of 
Iiow well the medium could have worked if its message had 
tH'en worth deli\ t'l ing remain.^ unanswered, but the reaction of 
the ediiealion eonununitv is often to discard the system as 
having })oen proved to be ineffective. Lanirnage labs, pro- 
granuMl texts, teaching: marhni<^, and individual filmstrip/ 
ca»ettecarreK are gathering du-t in ^chool storerooms all over 
the countrv. in testunony to industrv \s and edueatoi-^.' tendency 
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^ :>tS'"§t4kwid buy thousand-dollar hardware associated with 

$1,9,S coiu-seware. and then to become disillusioned with the 
hardware. 

Turnin^r to the criticality of "the authoring? process," the witness af- 
firmed that "theoihirntional ?>ro'ri'eNsofstudent> using any fcoinputer- 
assisted] systein will be limited by the nature of the curricular mate- 
rials presonte<l," no matter how {)OWprful the hardware and software. 

Many project plans have substantially underestimated what 
is required to produce an effective curriculum, some "by erring 
in the direction of excessive and premature systematization ot 
matonals lackincr in adequate realization of the potentialities 
of tl# medium for deliveiy, and others by erring in the direc- 
tion 'of excessive reliance upon highly inspired adjunctive 
exercises demonstrating the great versatility and creative po- 
tential of the medium, but inadequately supported by compre- 
hensive, systematic coverage of curricular objectives. 
Mr. Anastasio reconmiended that any major trial of a new delivery 
system should l)c preceded by "carefully prescribed, small-scale itera- 
tive experimentation, usually based on an already-prqved curriculum?' 
iro then drew an analogy between training flight.crews for new fightei 
bombers and assembling and preparing a cadre of CAI specialists who 
can.authonisable courseware.' 

In regard to question No. 2— "IVhat were ihe costs the witness " 
spoke of the new roles required of teachers v/h :i technology is intro- 
duced : -'In addition to training time, and the costs— iit terms of per- 
sonnel and financial resources—of developing and delivering training 
material, it is necessary to consider opportunity cii^ throughout the 
teaching day." Here he drew a distinction between the system which 
"requires active teacher intervention everv fjw minut<js'' and a "turn- 
key'' s^-stem, which "operates completely independently of the teachet.'' 
Then, another crucial aspect of this focal area : 

When dealincr with an evolving system, even direct mone- 
tary costs are difficult to track. It is clearly in the developer's 
interest to assign as many operational, implementation, and 
service costs as i>ossible to the "development'' cat<»goi^,thereby 
lowering the estimated cost of routine delivery of the devel- 
oped system and courseware. If system and coili-seware devel- 
opnieuf are allowed to proceed concurmitlv with evaluation 
field trials, it maybe impossible to sepanttc the costs. Thus, the 
researcher s desire to evaluate a stable treatment is not so much 
evidence of a lark of mothodologv to deal with dynamic phe- 
nomena, hut an insistence that determining accurate opera- 
tional co'-t is essential to informed decisionmaking. 

There a arrowing feeling. Mr. Anastasio noted, "that the most reason- 
able tarire* for ^mimative evaluation is a replication of the pilot system 
rather than the original, in conditions other than the developer's back 
yard." 

'-What wero the efi'ects?'' constituted question Xo. 3, and tnis con- 
tinues to be "the traditional question of educational evaluation," de- 
clared the witness, but there is no "simple one-number answer.'' 
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An increasing segment of tlie public is aware that the ques- 
tion is not, how much did students leam-^raw gr<ain — but 
how much more or less did they learn than would have been 
the case if they had not received this treatment? 

Another key area of public awareness concerns the fact that "a system 
that gives positive results with one population in one setting may give 
quite different results with different groups in different settings." 
There should be an attempt, during evaluation, to set 'limits of 
generalization." 

The key factor, of course, is an experimental design that is 
appropriate to the situation. In its simplest form the design 
would include two comparable groups, one of which receives 
the innovation and one that does not However, even this 
simple design is difficult to implement in practice. To the 
extent that the innovation is perceived as beneficial, it is 
possible that the group who is not receiving the innovations 
will find ways of supplementing their instruction. For exam- 
ple, if the two groups correspond to differiint classrooms, 
the teacher in tlie control classroom may supplement regular 
instruction by various means. The effect of such a comparison 
would be an underestimation of the real impact of the 
innovation. ' , , ' 

The way to deal with problems such' as this is by using 
designs that are robust to this problem. One such powerful 
design, made possible by the in Jividualizing technologies such 
as CAI, is the delivery ci different curriculum, say reading 
or mathematics, to randomly assigned students in the same 
classroom. Then the reading group becomes the control for 
mathematics, and vice versa. This desi^ has been used to 
good effect by Patrick Suppes for precise within-classi'oom 
evaluation and in fact, an impoil^uit element of the design 
being used by ETS in the XIE-sponsored evaluation of drill- 
aiid-practice CAI in Los Angeles. 
After asserting that another mechanism for dealing with this prob- 
lem is *'to a{>sess the types and amounts of instruction received by the 
different groups and incorporate that information in the anal>sis,*' he 
stre.ssed that there niUbt he an accurate assessment of the impact of 
innovations, prior to their acceptance or rejection. 

In hib more intensive discussion of question No. 4 — "How was the 
innovation accepted?"— Mr. Anastasio emphasized that regardless of 
the impact on achievement or other cognitive test scores, "the evalua- 
tion of a technological innovation must ascertain the attitudes and re- 
actions of students, teachei-s, administrators, and parents to its intru- 
sion into their lives:" 

Sometimes such information must be inferred fi^om tlie 
observati^^u of behavior, but sometimes it is more directly 
available in responses to tradeoff questions. For example, at 
the end of the Plato elementarv school demonstration, teach- 
ers were asked, "If \ou had the choice between a half-time 
aide and Plato tvrminals in your classroom— approximately 
equivalent costs at that time— which \.ould you choose?" 
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A majority of intcnnediate mathematics t achers opted for 
Plato, but a majority of primary reading teachers chose an 
aide. This sort of evidence of decree of acceptance, in terms of 
tradeoffs, rather than of "Would you like it at no cost ?" is 
necessary if decisions are to be made in the real world of scarce 
resources. Even if a system is designed for add-on use, rather 
than substitution for the teachei's time, its adoption will not 
be an add-on in these days of taxpayers discontent, but will 
replace sometliing in the budget. To be accepted, it must be 
seen as more cost effective than something already in use. 

Because of the importance of this facet of teacher involvement, the 
witness prolonged his^xploration with this summation : 

Acceptance by teachers requires that the teacher be able to 
retain some professional autonomy over mode and timing of 
use, and instructional sequence for individual students. T^e 
system which is designed to be teacher proof, diagriosing, 
routing, prescribing, delivering instruction and testing for 
mastery independent of the teacher, makes it impossible for 
the teacher to integrate the system with other classroom 
technologies. Just as seriously, such a system leaves no provi- 
sion for human corrective action when 'a studentfgi^es a 
response that the system or curriculum designer/ dic^ot 
foresee. In the abeenxse of omniscient designers, spch unpte- 
dicted behavior is likely to take place every timo^ child sifc 
down at a preprogramed device. For these instances, teachen 
proof systems very quickly become teacher-rejected systems. 
The answer to this problem is not to design incitjasingly com- 
plex teacher-proof systems, but to include tlie teacher in the 
feedback loop, making the technology a tool to be used by a 
trained expert, rather than a fast and colorful, but mute, sim- 
ulatcd expert. Progress in artificial intelligence may someday 
make it necessary to revise this assessment, but for the 
foreseeable future, toaclipr resistance to closed systems which 
they cannot guide will be based on sound pedagogy, and not 
merely fear of being made obsolete. 

Stating that **many evaluation findings could have been predicted 
simply by looking at tJic content of the treatment curriculum, the 
comparison curriculum, and the match between eacii and the content 
of the tests u^ed." he examined some of the intricacies involved, ^nd 
then iterated that the "ultimate objective is the improvement of unaer- 
standing.'* 

Mr. Anastasio, at this point, informed the audience that Gabriel 
Salomon had argued persuasively that new meMiods to inejuure new 
media impact on students' "conceptions of and styles of working in a 
subject" are a "high priority need in evaluation of new technology." 

By observing student interactions with new technology 
during the important piloting phase, prior to formal summa- 
tivc e\aluation. and by utilizing clinical interview methods, 
evalnatois can generate hynothe«es' conceming novel out- 
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comes, and develop instruments to assCvSs them. As an obvious 
example, a system which allovs a student to construct a re- 
sponse, rather tlian simply to select from among alternatives, 
may not bo assessed etfectively with multiple-choice tests. 
Deeper eH'ccts, for example, on the student's notion of the 
structure of a body of knowledge, will not be captured without 
major efforts to design nieasurcis which probe tliese less super- 
Mcial structural undei^tandings. This argument— that ditler- , 
ent media vary with respect to the kind of mental i^kills they 
activate, and for that reason also vary with respect to the 
kinds of achievement they produce — may prove to be the 
greatest challenge in ev{\luation of technological innovations, 
and may lead to dill'ercnt and more appropriate accountings 
of the unique educational outcomes that result from their im- 
plementation. 

The next focal topic concerned ''the role of the teacher in effecting 
educational reform, and the implications for evaluation.'' During the 
pa^t 20 years, .said the witness, "more programs intended to change 
clasiioom instruction were rained down on elementary and secondary 
fcchooU . . . than during the entire history of public schooling." 

The nature of the desired change varied with the interests — 
vei^ted and intellectual — of the reformers, and tliis diversity of 
ends was exceeded only by the varied means chosen to bring 
them about. 

Conceptions of the teacher*^ role in ''reshaping educational practices'' 
have varied drastically, Mr. Anastasio stated, but; 

Given the teacher s centrality in the classroom, it is sur- 
prising that decis^ions about implementation strategies have 
often been made with :=cant knowledge about the pedagogical 
values and constructs held by teachers. The question of the 
conipatibilitv of a program's goals with those of the teacher's 
has seldom been raised. This curious lack of interest in the 
teacher's viewpoint, the ''odd gap" often referred to in teacher 
research, is all the more remarkable if one considers the uni- 
versal aim of many innovations, bent on no less than the im- 
provement of all instruction efforts. 
After a.^Mting that tliis problem "is not unique to instructional tech- 
nolog}-," he opined that -'it seems especially appropriate to raise the 
concern at this time as we consider strategies to meet the challenge 
of evaluating innovative technology prSgnuns." 
In cl^si ig, the witness iterated lii^ conviction that: 

* ♦ * quality evaluative data is criticaMy impoitont to dc- 
cisioni.iakers — be they developers, potential coui umers. fund- 
ing agents, sponsoi'S. or students — and that these data will 
(>iil\ I Ia* obtained ) from couiprehensivo examination of stable 



contexts which as nearly as possible reflect the realities and 
complexities of contemporary school settings. 
Following the two major morning presentations. Representative 
Brown opened the session to questions from the participants. Ken 
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Komoski of tlu> K1>1K lii:,titute in New York City asked Mr. Anas- 
tasio how he would re-pond to "the reaction find around the coun- 
try that decisionmakers tend not to look at e\uluative data/' In posing 
tins question, he explained that during a meeting with publishing 
representatives a student had asked -\\ hat then do you beneve is the 
criticai variat^le regarding persuading people in schools to buy what 
It Ls you arc selling and the ^'knee-jerk reuclioif^ was ^l\icka£rin£r 
in reply, ilr. Anastasio offered the opinion that : 

* * *• a large part of the problem is with the evaluators and 
tlie developers who have to learn lo package their lesults in 
ways tliat will get the attention of tiic school boards, ileni- 
bers of Congress, and the like. Social scientists in the past few 
years have become much more sensitive to their obligation to 
coueh and frame t-ecominendations in terms that policy mak- 
ers am comprehend and react to. 

A second participant, Norman Kurland of the N'ew' York State Edu- 
« ation department, recalled Mr. Ana..ta.si(> ^ reiVrenre to langua-o labs 
and other technolo*n'-oriented expeiiences, and c,aicl that in his State 
school dibtncts are buying: 



microcomputei-s at a veiy rapid clip, putting them into 
cl5i^snK)nis, and then we hear concerns about wlietiier thea-e 
will l)e enough courseware to make them i-cally work. I won- 
der why you think, if you do, that the experience with this 
tec uiology is going to be any clilierent than with pixjvious 
tecJiiioiogu'.s. and what your luhice would l)c to C^ongre.s.s. to 
the l-ederal Government, to those of us in the StaU^s, and 
othci-s to try to niidce suie thi.>. time that this turns out to l>e a 
rea ly etioctne technology and not one that ends up on the 
>iKd\es in the closet o years from now. 

Mr. Anast^i^io, in reply, admitted that he was -^lot confident that our 
experience with .nirrocomputei-s \^ going to be very much different than 
\yitli other technology, and continued by sugge^^ting that ••brin<rin£r 
the microcomputer, or the language lab . . . into the clas^^room is dis- 
ruptive HI positive ways . . . [but J it is on the basis of that experience 
that we Miy 'this is what we need; ... and we contract to buy if, or rent 

The problem then beconieri the eours(iwai-c pi-oblein that 1 
aMuded to before. There ib not industry behind the -cenes now 
generating the lessons, modules and Wirbe.^ to follow on 
troiii the deinoiistratioii materials, and Tec^use that industry 
IS not there, we are let down after we have had our fill of the 
matermlh that came with the machine. Tlmt picture has not 
changed \-ery much in recent years, ana ydoii^t accept af all 
the notion that teachers will ^rcncratc tli(f iiu>t>erial. All of us 
have been educated and we have all usedUany text books in 
the course of our schooling, most of which Vere not very good 
home of lis who were lucky had the privilbge-t>Lusiiig good 
text book.^ Ill one coui-se or another : some of us were even more 
lucky and had the good fortune of running into a master 
teacher. There are ver^ few master teachers, and I m positive 
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there are very few people who liave the ability to develop good 
cou;'se material, wliether for micro, mini, or whatever. 1 thihk 
that is true now and will continue to be our experience. 
In response to a question from a Rutgers University attendee who al- 
luded to a call for "more experimentiil designs'' and asked whether 
"evaluation L<^anj provide a bolid guide for the adoption of this tech- 
nologyr Ail- Anastdsio iterated that he was '^arguing for as much con- 
trol as possible on the part of evaluators so the decisions can become 
clear." 

By way of example let me make reference to the evaluation 
that we conducted for the TiCCIT project in the middle 
1970's. There was a case where, with a lot of effort on the part 
of developers and evaluators to cooperate with one another 
and ct eate an implementation of that system that was most 
sensible, we were able to determine that the particular in- 
struction programs coulu produce a positive impact on student 
achievement. 

In a nutshell, that project sliov*xd that students who went 
through the TlCClT program of instrucuon performed at 
higher levels than students who did not; however, the trade- 
oli, the cost of higher TiCCIT performance was a substantial 
reduction in the number of students who completed the course 
versus the number who didn't. Only 16 percent of the TICCIT 
students finished the course to get credit versus 50 percent 
of the students from the classroom. That was thi case in math. 
In the case of English, it was about 50 or 55 percent of the 
students finishing with TICCIT, and about 66 percent 
linisliing in the traditional class. 
Declaring the design '*a good one,'' he said that these data showed that 
tliey could be conKdent about the ^'positive impact'' of TICCIT. Then, 
he continued, "the question foi the policymaker became— can we afford 
to invest m this product so that we can obtain a higher level of mastery 
but risk having it take longer?'* 

Dr. Mosmann /.as then asked, anent his earlier testimony, if he had 
anv .^u<rge.^tion.^ about liov; to obtain answers to the ''questions on 
rraluation in lii«(Ler (Hlucatioii" or ''inrontives ' toward the answers, 
to matters as, "the coinin<r financial crises.'' The panelist aflirmed 
that ''the primary incentives to evaluation are budgetary. The financial 
prevssiirco on education today require a more rational approach to the 
assessment of alternatives and the allocation of resources." 

Peter Wiesner of Essex County College was the next questioner, 
connnentiiijr that according .'o Mr. Anastasio ^^instructional design is 
an integral part of evaluation, that the evaluation of course work 
should begin at the very onset . . . once materials have begun to be 
developed, they should l)e pilot tested and rigorously field tested before 
they are ever put out in the market." Hid query: ''If Government 
funds are to be .spent for courseware for the schools, should we require 
that products undergo this process?" Eischewing a ''yes" or "no" an- 
.^wer, the paneli.st pointed out that most of the materials purchased 
in school systems are part of a "package." Remarking that he "would 
like to see us do better than that," he went on : 
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What I^ni ill favor of is that any project thattlie Govern- 
ment sponsoi*s — and theyVe been very good about this — have 
associated with it the opportunity and provision for careful 
evaluation. The Los Angeles study that NIE is sponsoring 
is now in its 5th year and it ends in September 1981. At that 
time we will have data on a number of elementary school 
children who, for a period of 4 years, have received exposure 
to regular drill and practice exercises. This is with a system 
that was complete when we started, with off-the-shelf hard- 
ware, and the design that 1 mentioned as being the most robust 
IS what we are using. That will give us a good basis for any 
decision about the impact of those materials. 

Another facet of the larger topic was introduced by Steve Raucher 
of the Montgomery County Public Schools ; 

• I agree very much with what Mr. Anastasio said ; the prob- 
lenrthAt I sense is a Catch 22 situation, the half-life of the 
technology which has been primarily led by the semiconduc- 
to|i- industry, is something like 14 months. The requirements 
td perform careful curriculum development and evaluation 
ej^ceed that. 

Do you feel there is a way to bridge this dichotomy, for cx- 
aniplu, a required standardization of software technology 
from the technologibt s side that would be required before any 
curriculum development could take place? 

Acknowledging the validity of this characterization by his questioner, 
Mr. Anastasio observed that as the move is made to higher levol lan- 
guages ill computer systems, ''there is more of a chance to get some 
standardization.'' At this juncture the Chairman interjected: 

I think some of you might be familiar with the recent effort 
to impose standardization in the peripheral equipment to 
computers which raised a tremendous stink when this effort 
was made by the MBC, and it is a continuing policy problem 
which 1 am glad you are bringing up here. I would very much 
like to know what the proper way to do it is, because you are 
always accused of inhibiting competition when you impose 
standards, and }ou have to weigh both sides of the equation 
very carefully. 

The succeeding question, from Allan Levy of the University of 
Illinois, was focused on the matter of *'staL lity and evaluation;'' 

It is not only in the nature of the technology that is chang- 
ing but rather the evanescent nature of funding, whether the 
funding bo from governmental, university, or commercial. 
It is usually short term and there is often a requirement to 
either evaluate or reapply for additional funding just about 
as the project begins. 1 wonder if there is a way to begin to 
approach continuity in curriculum development of educa- 
tional innovation in the same way as there is continuity in 
the more traditional forms ? 

The study he cited earlier, Mr. Anastasio averred, was a 5-year longi- 
tudinal project situated in Los Angeles which had *taken the full 
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time attention of an NIE program director to see that the budget 
remained intact for the past few years/' He went on to say that "One 
of tlie problems that has plagued the project in the past is the one 
yon referred to, funding for a year or two and then intense pressure 
to produce some results. 

After notin<r a "direct parallol'" betwoon oalcnlator.s and micro- 
computers in the classroom, Joe Caravella of the National Council 
of Teachoi*s of Mathematics explained his interest in earlier testimony 
about "ex|)anilin»r the definitions of .-^ehools/* A«rreein<>: that '*Educa- 
tion does not only take place in the schools,'' this participant asked 
if the panelists could expand their comments to "integrated home- 
school educational experiences?" Dr. Mosmann's approach to this op- 
portunity U'gan with the -t.iti'nicnt : "('(Jinpotition from other forms 
of education may turn out to be more practical and even cheaper 
than formal hi;rher education." And while many educators may not 
realize it, he .slid, "many of the form.s of instruction that are now 
deli\ered by public .supported schools . . . can be provided and are 
hvuiiT j)ro\ ided by other means, ^^hich turn.s out to be more economical 
for the student.*' 

Mr. Anastasio, in turn, offered the view that programs like '\Sesame 
Streot" and "The Kk^tric Conipan\" provided instruction to children, 
including skill development at a low cost. 

I think there will he more opportunity in the future for 
people to become responsible for their own edueation and that 
of their children. [ am not sure I like it right now. What it 
may be leading to is a further split hetwetMi the disadvan- 
taged of our country :mu( the less disadvantaged. We have 
the ca>e in a lot of major metropolitjtn area.^, whore school 
boards aie forced to make cuts in programs they offer, and 
the impact on the conuuunity deva.stating in the sense that 
people who cannot afford to procure t!ie services being cut do 
without them. Others who can afford it go outside to the 
prnat Hector and are gaininir that nnich more advantage 
or opportunity. I am also entirely confident that the private 
sector people who provide the services are Ix^ing motivated 
by all the same things I would be motivated by if I were 
standing in front of a classroom. They miirht not be willing 
to lake all of the care thev ought to be taking in providing 
alternate forms of instruction. 

In furnishing vet another per^fjective. Dr. Mosnumn suggested that 
'•we also focus our attention on the ))eople who are making the 
de<-isions :" 

In the case of the marketinir coucept, tlu* i)eople who are 
making the decisious in the schools are using some kind of 
i n form at u/u. We must look at what their problems are and 
the way they make decisions. We must find ways to help 
them. 

Insofar as it is not the educatioual establishment that 
makes decisions about what mode of instrucfion would be 
u-ed. the student bin ]{ or herself will make it. The f)erson 
w!io would like to sp( ak Freuch has an alternative of jjoing 
to the conunanity college or plugi^ing into the TV set at liome. 
That person is making an ev aluative decision. 
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DcM I tliini; liiiiist'lf as iJiohablx ivpreseiiting '*tlie type of igiioraiice 
thiU luak^^ >u!iu* of thcM» IIowjuxl (hei.s — a lay !iie!!iber of 

tilt' Mas^sarhiist'tts State Hoard of Ediu'atio!i — huiionted the diflicul- 
tio^ faced In ilc^iiioninakors: the jargon aiid the length of time re- 
d for ^^ikh -tiidles. for exaiiiple. He cited the **busiiiess of mastery 
eJucat \i>n :** 

1 ha\e talked to a iinml)er of parents about that, and they 
siy : -What, i-n't that what we are always doing?" Or at least, 
"I-irt that what we should have been doing?'' You know, 
we ought to teaeb the person what we are trying to teach 
liiiu: and if he doe^ not learn it. we should give him some 
lielj) m the classroom. This is typical. The same holds true 
receiitly of a whole series of reports which sav that, in es- 
S4'nce. the !iiain thing that makes ^ucce^s in basics is success- 
ful time on task. S(> a parent says to me. ''Well, practice makes 
perfect. docMi't it I think that part of the problem here is 
that the i)ublic i^ making a decision for you right now be- 
cause the\ se!ise the microcomputer represents an ability to 
do a lot of tlie>e verv simple-minded thing.>, and when they 
hear about longitudinal studies, and all that sort oi thing, 
they tlu'ow up their hands and -ay **!nore educatiomil jargon." 

The [»ublii ^a\\ edm at ional expenditures rise from 3.7 to 7.5 of the 
(iNP withuut appreciable iiuprovement^ and said ''Hey. what's Iiap- 
[H'lung here." The niic!Ocomj)utei i^ seen as 'Something new. Some 
pos-iblc ihange \n diiectioii." and has become a ''primary motivatir g 
force** ill tile new look at the ptjtential of infonnatioii technology. 
He then uiutioiied lu> lihteneis: "* * * you're all going to be way be- 
hind the jtublii onlc^.s wc tiiul >ome better way of appioacliing the 
whole i>.Mie." 

The Chairman airreeil that there is a "very important point" bore 
w Inch iieecN to be made : 

* * * in the most positive wav. and that is that of expand- 
ing the horizon of educatoih rather than contractiiig tlieir • 
hori/ou-. For example, if we are going to make the best u.se 
of thi> technology, and a lot of it is going to be don-'^ in the 
lionii'. the ofhce. or the community, mavbe wg ought to think 
about how to impact these factors so as to get the best educa- 
tional product out of it rather than just letting it go by acci- 
ileiit or by the |)!e^Mires of the private sector to market it as 
elTectively as possible. 

IJcference was made by the next uue.stione!'. AVilliMii Greenup of 
the " Marine ror]>- Education renter in Quantico. Va., to cer- 
tain ♦inc-u'ju^ rai-ed by Dr. Mo-mann in his loimal tcmarks. Among 
thoM» weie: 

* * * how much computing does a student need? 

* * * what kind of computing? 

* * * AVhat ca.i the institution do to encourage students and 
teachers to make effective use of it ? 

* * * bow does an institution go about answering these (pies- 
tion- on their own ? 

^^r. Oreeiiup then wondere<l if cither Dr. Mosmami or Mr. Anastasio 
could recommend "any u-efid models that exist that would enable in- 
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stitutions to identify potontially liigh payoff areas for computer- 
based instruction After tlie latt^M* paneli>t^ontione<l as *'niObt .suc- 
cessful" the ones dealing witli skill development or refinement or those 
concerned with *'straightfoi-\vard traininnr i>itnationb'— these were *'as 
opposed to more advanced conceptual instruction"— Dr. Mosmann 
suggested that his handbook might be UM»ful. 

In reference to conunonts about ''the potential of the delivery of 
educational serv ices to the home \ ia the new technological means," an 
unidentified attendee asked these two questions : 

* * what do you think should be the role of Congress 
and the Fedf'ral (jovernment in both facilitating develop- 
ment of this kind of service , ' assu'-ing that as i J develops, 
we will not l>e further disach antaging tho.se who have not 
benefited fully from our existing educational .sy.sti-m? In 
other words, how can we try to prevent the gap between the 
educational havt.^ and have-nots from widening as a result 
of these technologies? 

l\epresentati\ e Thrown replied that '*the role of the Conirre.ss in an.swer- 
ing that ([iie^tion i^ not at all clear to the Congress. AAV need as much 
edunition .IS any other important conunnnity playing a role in this 
technological revolution." Tie wi»ut on to say that thi.s very matter ''is 
part of our purpose* here today." One approach will iu\(»^\ c trying to 
bring al)()ut ".^ome .structure of regulatory order as to the role of the 
various factor^ in the market place . . . the schools, the c(munercial 
media, other public organizations." .Shifting his emphasis, the Chair- 
man addres>ed the "fundamental ])robIem that \ou rai.H' of iiu*(juity in 
society and inequitable access to information resources" ami noted 
thata**range of initiatives" will be required. 

Reminding the hearing participant.s that 'Vconomic ine(|ualitie.s" 
had not prevented e\en those in the poorest strata from having a tele- 
vision ^^t. he hoped that **we « an continue along thi.s path by making 
the deman.l for infonnation lesources and learning op port unit ie.s a.s 
;tttracti\e a., with a(MTS> to *A11 iu the Family.'" And finally, Rep- 
resentative Brown returned to the fundamental dilenmia of n'ioti\at- 
inir people to want to acquire infoi ination and knowledge in (irder to 
fulfill their societal roles/ 

That (juotion goo far beyond the (juestion of this technol- 
otry. I don't think that the courst* is going to be the Federal 
Government deciding I ...t everybody should ha . c a computer 
and subsidiziuir poor people to accpiire computers. AA'e have 
done similar things in limited cjises: for example, we are 
spend in£r a quarter of a billicm dollars a vear to make .sure 
people don't freeze to death because of the high cost of heat- 
ing oil. but I don't think we are going to put computers or 
learning tcclmologies in that samr categorv. I think we will 
have to address the more fundanuMital problem of inecpiarty 
in >ocietv. That is about the hesf answer I can give to that 
very ])ro found (|uestion. 

On tlii^ note, the final pha^e of the formal hearing wa.s completed, 
and preparation> were undertaken foi the aftc^iiioon .M's^ion ulien the 
rt'])Oit^ from the variou.^ ili-cu.>sion groups of the uoik>hop would be 
transmitted to the Sulx'ommit tees' members. 
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Vir, HIGHLIGHTS AXI) COAfMEXTARY: TECHNICAL 
WORKSHOP OX IXFOKMATION TECHNOLOGY IN EDU- 
CATION. APRIL, 1980 

In his prefacing: i^mark? iiix>n oixMiing the second hearing on In- 
^ formation Teolinolo*;}' in Education, Representative George E, Brown, 

Jr. had charged the workshop participants to help "derive a con- 
sensns \yhich will direct us toward the appropri.^te goals and policies/' 
As an integral, contributory component of the overall hearing, the 
technical workshop would allow an airing of the "expeitise and per- 
spectives" of the public and private sector attendees, which would in 
turn assist the sponsoring Subcommittees "to dtnihc priorities neces- 
sjtry to jvchio\'o educational objectives.'' 

The six discussion groups, as noted earlier, were composed of volun- 
teer participants from univei-sities, libraries, foundations, corpora- 
tions, a-soriations, and governmental entities, with this range of foci: 
Gi'oup l--El(Muent4iry and Secondary Education. 
Group 2— Post-Secondary Education. 
Group 3— Adult Education. 
Group 4 — Special Education. 
/ Group 5— Development of Information Technology'. 

Group r — Public Planning for Education in the In formation 
Society. 

On Aj)ril 3. the sununaiT oral re|)orts of each group weiv presi-nted 
to the SulK'oinmitteos. The chairman of Group 1 was Dr. George H. 
Litman. Staff Assistant for the Bureau of Cou puter-.Vssisted Educa- 
tion, riiicago Board of Education. After noting that infori'iation 
rerhiiologv fiilfilK two major roles in public education todav- as thu 
"object of instruction'' and also as the "tool of instruction' —he enu- 
inerat(Ml certain concerns which may arise in connection with each. 

As reiTJXrds the former area, lie equated the "object of instniction" 
rolo with coiuput<'r literacy or computer "comfouableness." Subse- 
f|uent to declaring that "every citi/.en should undei-stand the general 
prinriplos of inforuuition science." the grnup spokesman state<l that, 
crmpiiter education at the elementary aiul secondary levels is "desira- 
Me and feasible." but that certain concerns must be recognized : 

* * how ait* we tc e.vpose student.s equally to such tech- 
. iu)h)iry * * * information and communications technol- 
ogy * * * contimiefs] to shatter the concept of the class- 
room as the center of learning experience. 

* * how are we to provide the necessary training and 
retrainintr of teachers of elementxary and secondary schools to 
pei-mit tliem to understand and use the new available tech- 
nologies * * * During the formal learning periods of the 
majority of teachei-s these modern information technologies 
did not ^^xist- and no effoi-t has l)cen made to bring this 
knowledge to them. 

(187) 
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* * * liow aiv we to provide the tniiiiiiig and retraininjg 
uecctssary to |)eriiut oiilight^'iieil decisioiunnking by adminis- 
trators and * para-educators**— those pcoplp involved in e<lu- 
oati'^ii but not ihrectl> in scJioolb, including nienibei-s of tJiis 
5?ubcoininitte€. 

A more complex set of "issiu^ of concern'* was identified by Dr. 
Litman in tonuection with tochnoiogy as a **t>ool of insti^uction," by 
which ho meant CAL wlicilier ' viewed as a network with a large- 
scale coniputer ^^steln w ith largo lunnlwr of terminals or as indi vidnal 
microprocessoi-s :** 

Reducing the further separation and ix)hirization of the 
population because of the new technology * * *' This tech- 
nologv * * * genemlly [serves] the atlhiont, the **haves," the 
snburoan school. It hj>s not made an impact on the poor, the 
*'have-not.s/' the city school. 

* * * the quality of the curriculum * * * hundreds, 
mayhe thousands, of CAI lessons * * * have not been vali- 
dated * * * There exist almost no curriculums, that is, groups 
of related com-ses. 

* * * information about information technology. The 
publii' needs to be informed of the impact of information 
technology in the schools and in their own world. 

* * * tl'ie private sector already has a foothold in all the 
school .systems of this country, and we need to move quickly 
to prevent a catastrophic purchase of mi.sundei-stomh iuIsu.sihI 
and iniM-epresenteil devices and a.ssociated courseware. 

Dr. Litman siid that while his group had few ^pecific recoiuiuenda- 
tions, it did **uige the Federal CJox eminent to encourage the incor- 
poration of I'ontrmporai} iiiforinr.tion s^stem^ in public education.'' 
Vouv ••sujzizestion.-,** were tiieii enumerateil for the Subcommittees' 
consideration : 

1. (Grants, categorical grants to help narrow the ditTerences 
between the "haves*' and **have-nots*' in terms of ac(iuiring 
hardware and ^oftwear. In addition, these giant.s could include 
requirements that would rnako subtle l>ut im))ortant changes 
ill the direition that the growth of information technology is 
now takiiig. Tiiese subtleties could in* clau^es re(piiring vali- 
dation data ol* coaiseware nr currieulum software, cvalua- 
tiOiU and description of pre\ions uses of .^uch software, cost 
elfectivenes^ data, and soon. 

2. Increased NSF, KSEA, arid other grants specificaPv 
aimed a f providing ti achei r lul ailniini.strative pre.servicc J 
in*?er' ice, trrining, and retiaining in the are-is mentioned. 

•i. Federal suppor" of a retwork of Sta^^e and local agen- 
cies- -.son aliejidy exi^t— that would servo a role in evnlua- 
tioiu \alidatlon. and ili^seiiiination o** information regarding 
hardware and software in this ue\, jtiid ever-growir ^ field. 

4. A tax incentive program to encourage ti.e role of private 
institution^ in the application of inforipation technologv in 
public education, ilany possibilities exist such if "^he ex- 
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clmng*) of pei-sonnel with school systems, sharing of equip- ^ 
"nient, loan of personnel, and so on. 

Ho noted that these four reconuuerttlations are "economically conserv- 
ative, philosophically realistic, and in line with the Federal Govern- 
ment "s past rolo in education." Vnd furthermore, he baid, **They would 
require no significant changes in the dii ectiorV of Federal involvement 
in education nor would they require the adojption of radically new 
legislation.'* 

Rei>orting for Group :2 (Post-Secondary Education) was Dr. Karl 
Ij. Zinn, a research scientist at the Center for Kesearch on Learning 
and Teaching at the University of Michigan. Stressing that he would 
likeYo draw attention to **the |)ersonal nature of the benefits— or the 
negative side elfects— of increased use of information technology in 
education,'' he Affirmed a belief that ; 

The measure of success of new programs for information 
technology in education should be taken not just in terms of 
dollars, or units of ecpiipment, or numbers of students exposed 
to computers, or the (juality of the curriculum materials. We 
have to consider the impact on people and on their lives, the 
secontiary efFerts as well as the intended primary ones, and 
the negjitive well as the positive. 

In summarizing the formal report of the group, he announced that 
ho would draw upon thobo written recommendations and his own 
experiences. 

It need not be stressed that the general public rexrognizc". 
the explosion in technology and information as a problem. 
But wo in higher education must take as a challenge and an 
oppoitunitv the need to guide these developments, and to help 
integrate them into the domain of education and training 
throjghont society. The new technologies intro^lucc qualita- 
tive changes in our intellectual lives which will have wide- 
spread impact on society and^individuals. 

Dr. Zinn went ahead to talk abcat the satisfaction derived by students 
w ho had discovered * thc wc^jlth of information and leverage of infor- 
mation prucosoi.ng avaiiablti to them through new achnologies — stu- 
dents wh(» are taking new initiative for tlieir own learning." He 
related to his ii .teners the fact that Group 2 liad expressed ''unambig- 
uously thij need to provide access to underrepresented groups; social, 
iconomic, and ethnic minorities » women, handicapped; and the el- 
derly/* Illustrative of an opportunity which was made available to one 
student in ft class taught by Dr. Zinn in Grand Kapids: 

Ho camo in a wheelchair without voice or keyboard to com- 
municate with me. He now carries on his chair a personal 
computer which provides spoken voice and text display, and 
it allows him to enter, organize* and retrieve information as 
he needs it for communication, study, and professional work. 
Already a good computer programer, some day he will be an 
excellent system designer. 

Jim carries his personal computer with him on his battery- 
powered wheelchair. So liis computer also needs to take its 
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power from the battery and be rugged enough to liandle the 
range of temperatures and moisture wherever he goes. It 
needs a large memory to store the vocabulary of words and 
phrases he would like to speak, as well as computer programs 
for personal convenience, and information to have at hand. 

A voice synthesizer has been added to the computer so that 
whatever Jim wants to say can bo spoken by the machine. 
He assembles words and phrases, directing his computer with 
a foot pedal, since that's the part of his body over which he 
has good control. The text of what he wants to say appears 
on a small screen mounted on the ann of his wheelchair. 
When it's right, and wlien he has the attention of his listener, 
he directs the computer to speak, at a normal rate, the entire 
utterance. It might be just "How are you ?" or it could bo the 
speech for a national conference on communication aids for 
liandicappers. 

Jim has a fine mind, and his brain works well in all re- 
spects excent motor control. He is a student at Grand Rapids 
Junior College and plans to attend Michigan State Univer- 
sity next fall. One of his current interests is design of infor- 
niiltion systems. Probably he'll have a chance to work at the 
artificial language lab at MSU, the same group that helped 
him gain a voice. 

An important point which needs to be made in connection with this 
example. Dr. Zinn said, is that "the same technology that helps us 
communicate for recreation, or for business, may bo a necessity for 
someone who has been denied some basic medium of communication, 
such as speech." 

In reinforcement of comments made both during formal hearings 
and as part of other workshop findings, he underscored the fact that: 

Computing technology is advancing rapidly, and the in- 
dustry is pushing new products too fast for people to master 
them. . . . The technolog}' and its marketing far exceed the 
available programs for faculty development. 

Alluding to earlier statements by Dr. Heuston and Dr. Johnson, this 
group spokesman iterated that ^'Federal programs are needed to en- 
courage development and validation of exemplary curriculums, soft- 
warn and systems." 

Another reported focal area dealt with the dissemination of infor- 
mation and "ideas about technology in education," v;ith especial em- 
phasis on "the need for transfer between disciplines and throughout 
communities of researchers, and from the laboratories to the class- 
rooms." Dr. Zinn then related how he had used his portable tenninal 
the previous evening, in his hotel room, to obtain comment on back- 
ground material for his working group. 

In closing. Dr. Zinn urged that the recommendations of prior hear- 
ings (1977, 1978) and study groups (published in 1966, 1967, 1970, 
1972, 1975) should bo reviewed. 

Useful information and good advice have been accumulat- 
ing for over 15 years; we are developing some consensus on 
what nec<is to be done. Clearly, it is time for action. 
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And this "action,'' he stated^ should be beyond sinply that to be 
carried out by Congress or the executive branch. 

Each of us should assume some responsibility for carrying 
the important ideas back to our own communities and into 
our professional circles where they will do much good for 
education through the wise application of information 
technology. 

The next report, reflecting? the deliberations of Group 6 (Public 
Planning for Education in the Information Society), was presented 
by Joseph Becker, President, Becker and Hayes. He commenced by 
« describing how the convergence of three technologies — computers, 

communications, and audio-video — is "creating a new information 
environment in our country affecting not only' our educational sys- 
tems but also other aspects of our national life." 

Mr. Becker then highlighted a few random but key points which 
had emerged dun.ig the two days of discussion, and which his group 
felt were significant: 

The role of the teacher is changing ... an increasing 
share of the GNP is being devoted to Uie production of knowl- 
edge ... Change is occurring so fast todav that we hardly 
have time to plan . . . information technology is the hand- 
maiden of productivity. . . . Information isnx coming, it's 
already here ... it wili soon be democratized. 

As a result of their dialogue, the nifembers of Group 6 concluded 
that information technology ' is apt to touch people" in three ways: 

First, it affects the way citizens access information re- 
sources, whether by networks or other ways, it implies greater 
control over content and quality. Adopting unwise policies 
now could cause great inequities in terms of who is able to 
access what in our society. 

Second, as far as the technology is concerned, it brings 
information directly into the home in an interactive sense. 
Every den in a house is a potential home information center. 
Personalized TV instruction may very well bypass traditional 
school methods as individuals in the home choose the things 
they want to learn. 

Third, teclinology equates with microprocessors. The semi- 
conductor chip can develop significant educational abilities. 
Something new in education is coming along, we don't know 
what, but we have a feeling it relates in some way to the tele- 
vision set, the home, and intelligent terminals. 

The group's concern centered, he said, on introducing information 
technology into education in a responsible way. In addition, certain 
^ problems must be faced lest "we risk losing the technological advan- 

tage we now possess . . . we are in danger of introducin<r incom- 
patible systems of machines, rather than systems of high educational 
quality." Mr. Becker affirmed his group's belief that: 

Information technology is not just another Government 
problem. It is a national phenomenon. One that is multi- 
dimensional and cuts across all aspects of our Government 
and national life. 
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A series of important questions then was posed, even though it was 
recognized that many had been raised on previous occasions: 

The application of information technology to education 
raises difficult questions: Will emerging systems be compat- 
ible? Will users be charged for the information they access 
and use? What is the role of the Federal Government? Are 
community research centers to be encouraged? In what ways 
will the introduction of new information technology change 
the traditional structure of American education? 

0 

Several issues were identified — in regard to the need for a national 
policy — which warrant congressional attenCion: 

1. * * * creating a nationwide network * * * a focal point 
to coordinate ana facilitate the deployment of educational 
information. 

2. * * * defining or planning the Federal role * * * to desig- 
nate an entity in Government and assign it responsibility for 
designing and developing policy on the utilization of infor- 
mation technology in education. 

3. * * * equalizing access to knowledge * * * regardless of 
his or her geographic location or economic circumstances * * * 
We need to apply the same legal and statutory language 
which has governed the development of public education in 
the United States to information technology. 

4. * * * protecting intellectual property and encouraging 
the private sector investment * * * aevise means for com- 
pensating authors and publishers * * * enunciate principles 
promoting the creation of educational products and services 
of high quality. 

5. * * * standards * * * involuntary standards [are 
needed] to guide the compatible development of technology 
without inhibiting innovation. 

6. * * * consolidating information about information tech- 
nology * * * establish some kind of clearinghouse. 

Turning to the "initiatives" which Congress should consider, Group 
6 had five specific recommendations : 

• * * * that the Congress; create a permanent national 
romniission on information technology. 

• * * * the Congress advise the Secietai y of Education of 
the potential significance of information technology to edu- 
cation and that funds be provided for relevant studies, dem- 
onstrations, clearinghouses. 

• * * * a person experienced in the field of eihication tivh- 
nolog}' l)e appointed to serve on the Intergovernmental Ad- 
visory Council of Education. 

• * * * that new legislation l)e drafted that will enable 
libraries to form a national network of knowledge. 

» * * * that tlie Congress designate a small group * * * 
to meet a^jain in 3 months time * * * to report on progress 
and provide whatever input would be beneficial to the 
Congress. 
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^ Reporting for Group 4 (Special Education) was Dr. Donald V. 
Torr, Assistant Vice President for Educational Resources at GaDaudet 
College in IVashington, D.C., whose initial commentary focused on 
concerns raised by some of the presentations which addressed com- 
pute ^-assisted instruction, which might be inferred to be "the answer 
to the educational problems we face today." 

Wb agree that CAI can serve a very useful function in 
education, but urge that it be seen as one tool among many 
which can be used by the teacher. There ai'e some tasks whicn 
can well be assigned to the computer; however, it is unlikely, 
for example, to serve as a good role model or to I elp a student 
develop successful social skills. We also questioned one ele- 
ment of cost. While hardware costs arc falling the cost for the 
development of instructional software is not. Lack of soft- 
ware has l)een the major problem to date. It is not clear that 
a funding base for significant instructional software develop- 
ment exists today. 

Next, he sought to differentiate meaningfully between the terms "in- 
formation technology'' and "educational technology": 

To me educational technology is any technology arising 
from basic research in .the physical and behavioral sciences 
which can be used to contribute to the solution of an educa- 
tional problem. I see information technology as any tech- 
nology which can be employed to effect the emission, trans- 
mission, storage, processing, or reception of information. 
Much information technolo^ can be employed as educational 
technology; this is especially true w^hen dealing with special 
education. In dealing with educational problems, however, 
we should not consider information technology as providing 
the full solution set. 

Dr. Torr then turned to the issues identified by his group, which 
included : 

1. * * * the need to insure that as new technology becomes 
available the needs and rights of handicapped individuals are 
not forgotten. 

2. * * * individuals need to understand that technology is not 
all powerful in spite of the fact that "technology" made it pos- 
sible for men to hind upon tiie moon and return. It is not possible 
today to automatically encode continuous speech, for example. 

3. * * * while the needs of special education for the applica- 
f tion of informatioii technology and other technologies are great, 

the inai ket is too small to make the area commercially attractive. 

4. * * * the need for a nonconiinercMal centralized consulting 
base of l)er?5ons who are knowledgeable of information tech- 
nology and who can quickly assist problem solvers who do not 
have the time to search for all relevant technology. 

5. * * * the need for validation data in the promotional litera- 
ture of equipment manufacturers. Data should be provided which 
s]»ecifies the conditions under wiiich the equipment has bee»^ tested 
and shown to do what the manufacturer claims. 
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^ In accordance with its instructions from the seminar's organizers, 
Group 4 also had pi'epared a set of recommendations: 

• * * * that special educators themselves make it a practice to 
involve equipment manufacturers or software developei'S as early 
as possible in their efforts to develop solutions to special education 
problems. 

• * * that special educators meet and agree upon problem 
statements which can Ix^ u.setl to stimulate problems solvei-s who 
know the technology available. 

• With respect to the development of initiatives to encourage 
interest in the small special education market * * * that the ex- 
plorations which have been initiated by Congressman Brown be 
encouraged * * * nu^etings which have been bringing together 
members of the public and private sectors to discuss such matters 
as; financing inccMitives, patont.^ and licensing, market rcsciirch, 
and standardization * * * the unique need for incentives asso- 
ciated with development for handicapped individuals [should] 
be emphasized in those discussions. 

• * * * that the Subcommittee explore with the Department of 
Education the need to establish an independent base for technical 
support in the field of information technology. 

• * * * that the private sector devote time to the development 
of increasingly sophisticated information processing techniques 
for CAI to provide more than the "information presentation, 
example, test, and branch" paradigm. 

Dr. Torr s final appeal was that a focused approach must be taken 
in coping with our nuiny problems, drawing upon the '^immense re- 
source of knowled^^eable personG" who are available, and that these 
problems transcend[ those limited to information technology and its 
applications. 

Dr. Milan Wall, Executive Vice President at the University of 
Mid-America, was the reporting chairman for Group 3, on Adult 
PMucation. who commenced by articulating a "statement of belief; 

• * * that the pace of change in our society — including 
increased rates of knowledge and more efficient means for dis- 
seminating that knowledge— has increased dramatically, and 
it is likely to increase in the foreseeable future. 

This will require, he continued, that both government and the private 
sector review the "curient model of education." Such a review will 
lead to the conclusion that on-going societal changes require a "recon- 
ceptualization" of the educational model so that continuing education 
for adults, whether formal or informal, is enhanced. Next, he urged 
Congress to "carefully consider earmarking or redirecting funds for 
the purpose of suppoiUng efforts to design and implement technology" 
m support of adult education in both "formal and informal settings." 

The focus then shifted to the identification of a scries of issues which 
the working group on adult educat ion felt was vital : 

Issue No. 1: Relatively little is known about how adults learn, 
why they ai*e motivated to learn, and how to motivate them to 
overcome pei^sonal barriers to certain kinds of learning. 
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Issue No. 2 : Insufficient financing is available for development 
of educational software and acquisition of hardware for adult 
education. 

Issue No. 3: Barriers exist to availability of financial aid for 
adult learning in nontraditional educational profirrams. 

Issue No. 4 : lasufficient standardization of hardware and soft- 
ware specifications makes usajre difficult across product lines. 

Issue No. 5 : Telecommunications agencies do not pay adequate 
attention to educational users. 

Issue No. 6: Government regulation and practices tend to 
favor traditional curriculums. 

And issue No. 7: Government attempts .o enhance equitv for 
disadvantafl:ed youncer students have not been very successful, 
and we believe there is a danger the same record may extend to 
this f5e<rment of our older population. 
Dr. Wall then transitioned into the list of 10 recommendations ema- 
nating from his group : 

Kecommendation No. 1 deals with our knowledge about how 
adults learn and related issues, and our rpcommendation is that 
various Government agencies that deol with adult learning con- 
siderations, among them FSDA, NTE and the military, should 
direct more resources to research efforts to find out how adult? 
learn, and whv thev are motivated to learn. 

Recommendation No. 2: We proposed studvincr tlie feasibility 
of the creation of a tax on certain technologies in order to support 
development of purb technologies for the public benefit. 

7?ecornrnendation No. 3: Barriers that exist to the availability 
of financial aid should be removed so that adult learners may 
benefit. 

Recommendation No. 4: We believe that tlie Federal Govern- 
ment should encourafire compatible hardsvare and software sys- 
tems to fiu^ther broaden tlif^ applications of tliose svstems. 

Recommendation No. 5: The Federal Government should sup- 
port development of proj^rams for increasin<T adult competencies? 
in the use of informational technolocriesof all kinds. 

Recommendation No. r>: Fundiuflr should be made available to 
public communitv leamin/r resource centers, such as public li- 
braries, for acquisition of hardware and software for the use by 
the public. 

Recommendation No. 7: An increasing amount of the $14 
billion currently spenc for adult education should be redirected 
to developmeni and use of new teclmologies in order to achieve 
obiectives in the adult education arena. 

Second, a part of that recommendation, we believe increasing 
amount.s of information technologv and telecommunications ex- 
penditures should be directed toward adult education. 

Recommendation No. 8: Current Government-supported de- 
livery systems for informational and educational purposes, and we 
cite as one example the extension service, should be encouraged to 
make more uses of new technologies. 

Recommendation No. jO: Preferential telecommunication rates 
should be established for educational purposes. 
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Recommendation No. 10 : Stated more eloquently by Mr. Becker 
wliO might liave been listening in on our discussions as well — 
. cop^-right considerations should encourage widespread dissemi- 
nation of educational materials. 
The last of the six discussion group findings was presented by Dr. 
Richard Ballard, Manager of the Educational Prc^ram Information 
Center at the Apple Educational Foundation, uroup 5, with an 
assignment to look at.the "Develonmenl of Information Technology," 
was comprised of people concernea with the development of materials. 
Noting that prionties had changed over the last decade, its spokesman 
said that : 

* * * thero is less of a concern for pi*esenting a vision of 
the kind of hardware we ought to have, and much more con- 
ccm in this coming decade for the materials that are going to 
be developed. . . . The 1980's, we think, are going to be a 
decade of development. 

He continued by pointing out that private investors now can see "real 
markets of tens of thousands and hundi*eds of thousands of units . . . 
and we are going to see investments flood in in areas wheix* there are 
markets." 

The very nature of Group 5 elicited comment from Dr. Ballard : 

Our own group was perhaps the largest of the discussion 
groups, indicating the interest that people have in develop- 
ment at this time, and it represented educators and it also 
represented business people, people in training and in a lot of 
areas. That was veiy different from the kinds of conferences 
held in the past. There were a lot of representatives from cor- 
porations. Some of them are new, some of them have quite 
a bit of experience. Some of them are tinkering at the outside 
of this field, and others have very substantial commitments 
and powers within their organizations. All of them are mak- 
ing substantial career commitments — all of them are taking 
risks in getting involved in development at this early stage. 

In his view, this is "a good time to look at public issues and private 
solutions.'' Several issues worth considering were then identified: 

* * * emotional issues like protection ♦ ♦ ♦ risking their 
geninus and their life's work and millions of dollars of inve.s- 
toi-s' money * * * want copyrightvS and i)atcnts to ix>ally mean 
something * * * are producing a new kind of property, an 
intellectual property. 

This courseware they are developing is extremely valuable 
* * * there is ample proof in the literature that it is effec- 
tive ♦ ♦ * we are askmg ("Congress] to fix the problems and 
to do some things that will trigger self-sustainmg efforts bv 
other people * * * [such as] royalty restrictions fwhich 
. n.ako it] almost impossible for Government-sponsored proj- 
ects to attain any size and to cooperate in any way wiUi 
.industry. 
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Three other issues where congressional action was deemed vital were 
described in these words : 

• Wf* would like Congreiss to pick out certain project areas 
and funding ai'eas, where it's fairly clear from the small mar- 
kets and the importance of the projects that no one is going 
to get rich * * * like theni to ranove all restrictions on the 
author's future collection of royalties. 

• • We think there are places where O ngi*ess can stinuilate 
the market with fairly small expenditures * * * that would 
be' only of a limited duration * * * just providing equip- 
ment, technological equipment like comi)utei'S and video units. 

• Another thing Congress can do, and has done in the past 
* * * is to assign some percentages * * * to be spent on 
projects of advanced technologj*. 

Returning to other focal areas, Dr. Ballard informed his listeners that : 

One of the biggest issues today is the size of the development 
projects going on. Right now i'f you look around in video or 
m computers, you will find a lot of small programs, and they 
are not really very helpful * * * AVe would like to see 
them take the same money — not more money, the same 
money — and take at least part of it to divide up into some 
largo projects * * * that can achieve curricular importance, 
that will put out enough in the way of materials that they will 
go into the classroom and have real impact. 

In essence. Dr. Ballard was asking, for his group, that some money be 
placed in "bigger pots," and that the Government authorize "some 
risks right now." He then detailed the interwoven problems and alter- 
native approaches to their solution : 

AVhy doesn't this happen? Invariably, when anybody tries 
to make a proposal ana put together a program, a plan for 
cooperation in sharing resources and profits, there just aren't 
the regulations and the contractual methods for doing this. 
This whole thing snags on the fact tJiat there isn't something 
written to allow this, so we think that a great deal would come 
out of looking very closely at some regulations and creating, in 
law and in policy, some things that would make this happen. 

Another thing is that the Government is both a large pur- 
chaser of instructional technology and a source of grants that 
make other people purchasers. would like them to put lan- 
guage in those grants and in their purchasing that wouM keep 
people who are excited about this field buying things just 
out of that excitement. As buyers, we would like to see re- 
quirements put up upon manufacturers that they not only 
provide some minimal amounts of software, but they provide 
lists of software suppliers to their hardware, and that they 
provide materials and actually train the teachers and en5 
users in this. Those things could be made into purchase pack- 
ages in military uses, in training areas, and in education. 
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Xox^ho indicnti^d tlio critical need for ^'nntliors'' in this field. This 
ronld be met in pait, lie suggested, by bringing **ftCftdeniics into pub- 
lishing and manufacturing situations, and * * * programcrs and 
peopl<* out of the industries and into the schools;* Otlier areas of 
potential action: 

* * * need to bo some centers for distributing information 
in understandable forms, to oompam equipment in terms tliat 
are meaningful toscliool administrators. 

* * * need information that lists software, and tells you 
where it is available. 

* * * important to have information on i)roduct perform- f 
Alice, particularly as software comes in from a great many dif- 
ferent manufacturers. 

* * * like to see product performance evaluated, not so 
much in the way of standards but in the way of certification 
* * * Is the cost of performance what tile manufacturer 
olainjsitto be? 

* * * like to see some efforts to encourage manufacture i-s 
to bioaden their assumptions about who is going to use their 
equipment. 

The i hni-t of Dr. Ballard s final remarks touched on ^-leai uing model 
research,'' which he felt was the result of "manufacturci-s and au- 
thors* * * <roingout and putting the stuir together by the seats of their 
pants." What i> needed, he noted. wj»s ^*guidnnce to tell what para- 
digms and strategies are ell'ecti\e for this medium and most likely to 
produce leaming/' And then a parting admonition : 

Kight iiow we are asking for help from Congress * * * and 
if we can't get that help then we think it would be wise for 
Congress to at least get out of the way. 

Representative Brown, in acknowledgement, noted that Oojigress is 
working in several of the areas raised by speakers : copyrights, i)atcnts, 
and "improvement of the public/private^ cooperation mechanisms." 

In regard to the matter of cei-tification bv software manufacturers, 
Ken Komoski of the EPIE Institute recalled that he had "testified 
before this committee regarding the need for this" and subsequently 
been involved with legislation requiring this in the State of California. 
He continued, saying that Florida had passed appropriate legislation, 
which in no way had been implemented by the State education agencies. 
Thus, this is an instance of having a mechanism in being "and all wo 
need to do is to have it applied." Dr. Ballard, in response, agreed that 
there must be reliable, responsive "valuation procedures." We do need 
not just a law," he said, "but organizations coming forward with 
methodologies for evaluating these programs so manufacturers can 
test them." 

Representative Brown, in underscoring a point made earlier, stressed 
the importance of looking at "the total of ir^rmation technology." 
The comment about standards and methods of evahiatl^r caused him 
to ''think about the global economic importance of what is going on": 

One of the things that we need to l)e concerned about is the 
United States market position. We are not going to be mar- 
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keting our own particular brand of software or courseware, 
for example, to meet the iiifonnation needs of the rest of fche 
world. They will want to produce their own that is compati- 
bility with their culture and their nee^. What we are going to 
sell them probably is some hardware and maybe some of the 
hardware types of software. 

When it comes to most of the software things, we are going 
to be selling them procedures and methods of creating what 
will be suitable for their situation and their methods of evalu- 
ation. We really need to step back in our society as we go 
through this period and not only do it, and test it, but analyze 
how we did it, how we tested it, and how that can be applied 
to markets in other parts of the world, because that is what 
they are going to want in order to go through the transition 
a lot faster than we have gone through it. 

The Chairman then cited, as an example of this pattern of events, the 
recent U.S. dealings with The People's Republic of China, which wants 
a satellite system and several thpusand ground stations, rather than 
putting in a hard-wired communications system : 

Thev will skip the business of wiring China and go directly 
satellites. How do we take advantage of their neeas in a way 
that meets both of our requirements? That it helps both of us, 
is the point that I worry about a great deal because in the 
long run that's what we will have to do. 

Pepresentative Brown then introduced Robert L. Chartrand, the Sen- 
ior Specialist in Information Policy and Technology for the Congres- 
sional KoseArch Senico (Libniry of Congress), who had worked 
closely v;ith the staffs of the two Subcommittees in organizing the 
workshop. 

In his initial commentary, Mr. Chartrand reminded the audience 
that Representative Brown had provided a two-fold objective for the 
seminar: 

To enhance the awareness of Congress, the executive branch, 
and the private and public sectors of (1) the potential edu- 
cational benefits of new information and telecommunications 
technologies, and (2) the possible social and economic impacts 
resulting from the widespread use of these technologies in the 
educational process. 

A historical note was then sounded, as he talked about the milestone 
panel sessions held in 1970 under the sponsorship of the then House 
Committee on Science and Astronautics, which had explored the topic 
of the "Management of Information and Knowledge," 

Among the several dimensions of that topic was the role «f 
infonnation technology, and gonnane to our present seminar, 
coming 10 years later, was the emphasis by McGeorge Bundy, 
at that time stMving as pmsidont of The Ford Foundation, on 
understanding the "boundaries" of technology supported sys- 
tems, including both the benefits and limitations of the new 



*^ U.S. Confess. MamtgemeDt of iDformatloD and KDOwledg« 1970. 
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tools- and t-echniques. It seems to me tlie applicability of his 
comments about the advnntajjes of vsmg computers to assimi- 
late and integrate selected data so tliat the user can most fully 
utilize tlie products, and liis reminder tliat tlie "direct rela- 
tionship between tlie onality of nuv datA elements or input 
ana the value of knowledge outputs" must always be under- 
stood. I think these observations still merit our attention. 
Mr riiartnuid then acknowledged the contribution of the workshop 
participants : "those who function as conceptiialists, as catalysts be- 
i ^"^^f i)"'^ "l''^ technology which can process and dis- 
S li information, the teachers, the technological innovators, 

and what we now call the gatekeepers of information." Through the 
interest and involvenient of these diverse talente, the two sponioring 
bubcominittees will receive an exposition of: 

* V ^'i^J^^.^'iss'ies related to rhaximizing the positive impact 
Of information technology- in the educational milieu: * * * those 
Identifiable initiatives which Congrcs-s. the Federal executive 
branch, and the private sector may undeitake to enhance under- 
.«tandmg and support of this vital area. 

his opbion"""^ ""^ workshop sections represent a "beginring," in 

• * * which will enable cognizant congressional gioups to 
evolve new perceptions and legislative approaches that can 
result in improved planning and programs. Needless to sav, 
your sustained : .ppoit is eytremely important as the Sub- 
committee on Science. Research, and Technology- and the 
.subcommittee on Select Education contimie to address the sev- 
enil fiic"ts of tins focal urea: economic, technical, cultural, 
and legislative. 

nnlf'rtinn'""?/' •r.",^^^^;,^'^"'^™"^''' ••^^'i^'^'' the form of a 
quotation-attributed to Thomas Jefferson-which touched on "what 
we face today, and what we should keep in mind :" "» 

Laws and institutions must go hand in hand with the prog- 
ress of the human mind. As that becomes more developed: 
more enlightened, as new discoveries arc made, new truths dis- 
• Closed, and manners and opinions change with the chance of 
whhStimes ^^'''^"'^^ "'so and keep pace 

fpoildS wil^n M '"i^"' the honnncr and work.shop participant's, re- 
cinSM\lK f„ democratic process, reflected a determination to 
const uctnelv imegia e information tcclmologv within the educa- 
nro« /r"'""^-o>-H- while concurrently reflecting the philosophv ex- 
preivsed in an ancient proverb which declared that "where there is no 
vision, the.people perish." »» "° 

I" 1 15 Cfenif, Rfc. 102. 

" Bible. O.T.. Proverbs, XXIX, 18. 
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APPENDIX 2 



Public 


Lavs vith Provisions 


re Information Technology in Education 


Cons^c 8s 






85th 
1957-1958 


P.L. 85-86A 


National Defense Education Act 




P.L. 85-905 

• 


Instructional Media for Handi- 
capped Children Act 


87th 
1961-1962 


P.L. 87-AA7 


CoflUBunicat ions Act of 193A| 
Aacndnent 


88th 
1963-196A 


P.L. 88-16A 


Mental Retardation Facilities 
and Coianunity Mental Health Act 




P.L. 88-204 


Higher Education Facilities Act 




P.L. 88-210 


Vocational Education Act 




P.L. 88-269 


Library Services Act Amendment 


1965-1966 


P.L. 89-10 


Elementary and Secondary Education 




P.L. 89-313 


School Construction Assistance in 
Major Disaster Areas 




P.L. 89-329 


Higher Education Act 


1966 


P.L. 89-511 


Li brary Servlc es and Const rue t ion 
Act 


1967 


P.L. 89"69A 


Model Secondary School Act 




P.L. 89-750 


Elementary and Secondary Education 
Asiendacnts of 1966 


90th 
1967-1968 


P.L. 90-35 


Education Professions Devclopoent 
Act 




P.L. 90-129 


Public Broadcasting Act of 1967 




P.L. 90-iA7 


Elementary and Secondary Education 



Amendments of 1967 
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Congres* Public Law Number Short Title 

P.L. 90-575 Higher Education AoendfaentP of 1968 

P.L. 90-576 Vocational Education Aaendnents of 1968 

9Ut 

1969-1970 P.L. '>l-6l Jiatlonal Center Educational Media and 

Material* for the Handicapped Act 

P.L. 91-117 To Extend the Higher Education 

Act of 1965 and to Extend 
Vocational Act of 1963 

P.L. 91-230 Elenentary and Secondary Education 

Assistance Programs Extension 

^^^^ P-L' 91-345 An Act to Establish a National 

Comalsslon on Libraries and Infor- 



92nd 

1971-1972 P.L. 92-318 



94th 

1975-1976 P.L. 94-142 



96th 

1979-1980 P.L. 96-8 



matlon Science 



Eaergency School Aid Act 
P.L. 92-419 Rural Development Act of 1972 

93rd 

1973-1974 P.L. 93-380 ' Elementary and Secondary Education 

Act Amendments of 1974 

P.L. 93-568 White House Conference on Library 

and Information Services Act 



Fducatlon for All Handicapped 
Children Act of 1975 



* P.L. 94-309 Educational Broadcasting Facilities 

and Telecommunications Deoonstr^tlon 
Act of 1976 

P.L. 94-482 Education Amendments of 1976— 

Teacher Corp and Training Program 

95th ^ 

1977-1978 P.L. 95-561 Elementary and Secondary hducatlon Act 



Amendments of 1978 
Department of Education Organization Act 
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Caw Toxntion Rcjlzxt ItACB? ~ 

PmCBOOLDU ACBOM TBB WATIOlf WILL PSOTIOK tOMS All IWCU Tnil rALL AS TKXT 
WATCB "USAHC STBOCT" ^ 

(Bj EdTrmrd L. Palmtr) 

Wbo is tbe toufbMt tflerltioo aadleDcein the cooDtry? Aa faraa rmcoocerofd 
th«re ia DO qoestioo about it: preacboolfrt. Tblt group ot tbree- to flve-yef r-old ? 
children compriaet tbe nott demaDdiDg and mercurial coUectioo of rleweri aof' 
wbere. JM tbere are an etdmafed 12 mUlion of tbem In tbe United States. 

BtartiDi November 10, these preschoolers wiU be tbe object of an unprecedented 
and potentiallj ttfiUftcant ez];»erlmeDt in edocatiooal telerlsioD. On that mominf. 
NatlonaTEducatloDal TeleTlsloo wUl beam to 163 public television atationa acrov 
the country the first of a series of 130 hour*looi color telecaata specifically ^ 
signed to prepare yoong children for formal schoolinf. Tbe primary objective of 
the experiment ia to determine wbether the techniquea and approaches tb»t are 
popular asd eftectlTe in commercial te>Tisioo can be adapted auccessfuUy tp 
teaching. 

In short can tele\*sIon really teach preschoolers? 

TUis is still an open question for several reasons. First of £11, tbe Nation's toul 
experience in Instructional television baa been, at best, iocooclusive. When teI^ 
vision baa been used for instruction, the usual practice baa been almply to trans- 
mit existing c'aMrooo circumstances. 

On the other hand, we know that when television ia used imaginatively and on 
!ts own terms, it baa an observable — if, perhaps, unintended — instructional Iffl-^ * y 
ptct Toung children, for example, have learned worda. numbers, shapes, and 
colon from television commerd a Is— messages primarily intended to sell products 
to older persons. 

Then too, there has been no large-scale effort during the 20-year history of teI^ 
vision to explore ita potential aa a medium inatruction. Hie larce aums such an 
undertaking would involve heretofore have not been available. 

Thus, tbe 26-n'c«k experimental series, called "Sesame Street," which is bein< 
created and produced by the Children *a Televiaion Workshop (CTW), is unique 
With grants totaling |8 million from Tbe Carnegie Corporation. Hie Ford Found' 
ation, the U.S. OlSce of Education, the Office of Ecor^omic Opportunity, and other 
Federal agencies, CTW has the resources to undertake a major program in in- 
atructionai television. It ia being guided by executive director Joan Qans^Coonej. 
an award-winning producer of documentaries who directed a detailed atudy of 
televisioiTs potential in preschool education for Carnegie Corporation, and by 
executive producer David D. Connell, who was associated with CBS's "Captain 
Kangaroo" program for 12yeara. 

Actually, the "Sesame Street" series represents not one experiment, but several 
It is sn experiment In public broadcasting, preschool inatruction, film and tele 
vlaion production, formative research and evaluation, and the use of profes- 
sional audience building techniques. One unususl facet of the experiment ia the 
close working partnerahip between research and-productlon. 

Virtually all of the research la undertaken in direct response to the practical 
and urgent needs of production. Underlying these close ties ia the nature of tbe 
preschool audience. It ia relatively difficult to auataln the interest of young chil- 
dren, as parenta and othera who have worked with them know. Tbua, to capture 
their attention and hold It for a full hour, day after day and week after week. Ii 
a formidable assignment. <> 

Preschoolers, we have found, are highly selective. Tbey do not retain an inter- 
est in a television show on a prog ram- t o-program baals, but rather on a moment- 
to-momeot basis. And yet, if the CTW experiment is to be successful, we must 
oiake every effort to austaln their interest virtually from start to finish. 

Because of tbla imperative, "Sesame Street" will be the moat researched, tested, 
and studied program in television history by the time it goes on the air this fall. 
Very ilttle—lf, indeed, anythlng-~la being taken for granted. 

We began our studies at GTW by examining exlatlng cblldren'a material^ 
films and television programs — to see what captured and sustained the interest of 
preschoolers. For example, we learned that our best chance to research a young 
child would be with material clearly built for him. In other words, every ele- 
stent in "Sesame Street" muat say to every preschoolers, 'Tbla Is for you." 
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In thU telcTltlon •Rt?, rt<^Svers are turned on from 50 to 60 hours • week in 
thf homes of young children. As • revolt, preschoolers soon become highly selec- 
tiTf. The young child posts «n extremely sensitire guard that signals whether 
adult or child television fare is coming up This ia primarily an auditory moni- 
tonng that functions when the child ts anywhere ulrhin earshot of a telerislon 
Hi Because of the television savvy which the preschooler develops, we must 
Mst w^ys of motivating young children of all bacVground^mlddle class and 
dMdvantaged— to watch "Setvitme Street" Our task is particularlv challenging 
becaui^ our audJonce ia nelrh«»r physically present nor captive, but rather "out 
Ibere' E>ven If placed before the set by a mother, preschoolem still have clear 
options to watch the entire program or portions of it, to turn to another channel, 
or to turn off the set altogether. 

The producers must make the show entertaining without compromising the in- 
Mnictlona! objectives. Unless ♦'Sesan«e Street" Is &x entertaining as other pro- 
prams children watch every day, the CT\V exi>eritaent will fall at the very outset 

To hwd off this po«|bUIty, show materials and new ide«8 are constanUy 
lubjfcted to j jdgmeijta of the *-ulUmate consuroers-'-^d hoc panels of preschool 
cblldren themselves, por example, our cartoon dwigncd to teach the leUer J waa 
cwflled along the liaea of a television spot commertrlal. Two «mall boys ai« 
ibowD talking when the letter J appears from the top of the actwn. One of the 
boys saja It looks JIke a fish hook. But a voice off Mcreen immediatelv tells them 
It I5 the letter J and then asks them if they would like to bear a story about It 
.*D animated^ rhythmic nonseOM jingle that capitalises on the appeal of ab- 
luidltiea to children foUowa: • -w^*" u* 

Once upon a time a gvy named Jo^ 

yottccd a June ^ug on hU toe 

Put it in a far and started to go 

But here come the Judge and said, *'No, no, no.*' 

But Joe said, **Whyr and started to jump 

And danced o jig on an old tree stump 

And jogged alonff to the city dump 

Where he jammed the June bug tn a tire pump. 

And the Judge caught upan^l started to toail. 

Said to Joe, ^'Justice wJlt prevaiL" 

And the jury met and set the bait 

And Joe got an hour in t.ie city jail. 
This piece of animation, called the J Spot, was the flnst comml5«loned by 
t"n\ in the fall of 1968. It arriywJ In January and since then has been subjected 
to constant study and dI»«ecUon, The things we learned from our rest^arch with 
f helved guide and improve productions that have ben made since. 

In testing the J Siot on children with backgrounds that ranged from dlr 
lartntaged to middle daas. we found that as few as four or five repetitions an 
fiour during regular children's programing established IDO pervent recognition 
f; "^f ,!?^^ J- ^^'e confirmed what we had already sunpwied from watch- 
es cbUdren view commercials ; namely, they were not bc-«l bv the rewtlUon. 
y^.SL^r*"'^' J^if'^ bearing It for the 8ect)nd 

or "unl time. However. In experimenting with a shorter ven^lon of the jingle, 
je round the children were even more rej^ponsive and willing to repeat the words. 
Tiiiis suggested the 8i>ot had value for children who leam quickly and want to go 
bfjond mere recogpltlon of the letter, which was the baidc aim of the cartoon. 

*uri.:er research also suggested that If young children T»cti»'::y participate 
ia a jingle such as the J Spot, or are otherwise Involved with wmo eJement of 
• program, they tend to leam more. Oddly enough, found that three-year- 
tfJOs were more included to sing and talk along with the spot than four-yea r-olds 
uur thwnj Is that the younger children are less Inhibited than the slightly older 
ones, particularly if adults are in the ^ame room during the te«t In any case, 
w*. ape trying whenever possible to build In opportunities for child participation 
in one- of a uuml>er of reswirch methods, we vl^slt a day can> center In New 
xork City- and show a piece of material to preschoolers, often to one child at a 
ume. W e run the piece on a television set tied to a portable vidoo-tape plav.back 
onit and then place a •'dlstrartor"— a televislon-sfte rear acreen projector 'which 
iDOws B dlfTereut slide every eight seconds— nearby. We then measure the pro- 
portion of each eight-second Interval when a child I» watching our tcJovtelon 
presentation as opposed to looking at anything elae. including the' distrtictor.^ 
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The data, tccomolated on craphu. In carefully analyiei? in company ^ItJi the pro- 
cram's producen to detennine why attention ro*e or fell during the test p;ece. 

OtJr preliminary nnflinis* conflrmeti what Walt Disney knew all along: Car- 
trmna are a «ure fire way to rapture -and nustain the attention of children 
However, youn^ children neeni U* prefer an eren simpler visual display ttan U 
aeea in a typical theatrical cartoon 

We also gave some of the preechoolern in our te«t preliminary brleflng» to 
detertttine whether the advance information would heighten their attention to 
certain element*. The particular cartoon we uijed for one *mch test diMc-lorwi no 
appreciable difference. For example, we urged one group of four-year-olds to 
take spedaJ notice of what each character in the I'artoon ate. We a.sked another 
group to note the feats the anlmaU cou;d do tbat a little boy In the cartoon 
could not—such a» Kwing from limb to limb. Those prompted to x\'atch for one 
kind oC event didn't answer our questions amch better than those who had not 
be#n nlt-r^U This l«d our producers to »urmiw that we really can't set up our 
audience to see one thln.T or another in an upcoming sequence. Each segn^ent 
must apeak for itself and .-nake itji points unmistakably clear. 

Though we expected to flnO a high interest in cartoons, we did not anticipate 
thefflscinatlon many preschooler? revealed for a technique known as "plxUation." 
Thi^ involves the deletion of frames in a motion picture film strip and result* in 
the Image moving in a speedwl-up fashion that can be rather amu^.njf. 

Our research also disclosed that young children are unlikely to remain Inter- 
ested for long If an adult talks full-face to them. The Janguage problemn simply 
are too severe for preschoolers. They have enormous difficulty In constructing 
a mental Image of a scene from a spoken dewription. However, ^e found that 
interest can be mali.tained for a longer period if. as the adult speaks, the camera 
shows what the person Is referring to, such as a jwir of shoes, an animal, or a 
home 

Talk not directed speclflcally to the children's level almost Instantly causes 
attention to begin wandering even if the words come from puppets we know the 
children otherwise enjoy watching. Also, if there's extensive talk between pup- 
I)ets. or l>etween others^n the f^creen. but not to the audience, chances are that 
young viewers will not remain interested very long. Attention span, we now 
<trongly suspect, seems more a function of the visual display than of a child's 
particular makeup and background 

As a result of our research with young children, we developed several work- 
ing guidelines for what Is most likely to arouse aod retain their interest. Here 
are some of them: 

Television material should be lively, full of novelty, have considerable variety, 
and. as much as possible, use animals, young children, and adults who speak 
in a friendly and affirming manner. 

These guidelines, however, are Just that: They are neither the last word nor 
foolproof. We prepared a live-action sequence to explore the concept of rec* 
tangles. Theoretically It had all of the elements to assure success: ncvelty. 
"arlety, fast pace, and general visual sophistication. But It didn't work It had 
too much of all of these qualities. As a result, the attention of our preschool au 
dtence wandered:- there was no evidence they had learned the concept, and. 
indeed, some seemed confused. 

The guidelines made repetition and the spacing o* key television pieces for 
"Sesame Street" important considerations. Take rei)etItlon for example; We must 
build Into each segment of the program several simultaneous levels of learning 
readiness so that thre^^^year-olds as well as flve-year-olds learn something from 
each viewing. Accordingly, repetition Is essential to Insure the maximum 
planned effect 

The pieces we expect to repeat will all have bouncy melodies or humoro*»s 
endings, and some mav hape a slightly different twist each time. In our "Count- 
down" series of spots, for example, each sequence begins with a 10-second 
rocket-launch countdown designed to teacu numbers and ends with a mock dis- 
aster. In oite sequence, the rocket falls over at blast-off. In another, the rocket 
lifts off. hut covers the launch director ai 1 nearby spectators with a cloud of 
black smoke. In a third, the launch director and not the rocket zooms Into fpace. 

Spacing is important, too. But how much? How many times should a one- 
minute spot he repented to attain the* Intended level of learning? Viw times 
in a one-hour show? Once each day for f^ve days? For the J Spot, our rosmrch 
indicated that Ave times a day Is more efft.<^tive than on^ showing a day for Ave 
days. The spacing, of course, may differ from piece to piece. 
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Another of oor major rMMirch functions in to build tett it«ua that are con* 
•Utfnt with our curriculum obJectiren. The*e ob;»ctlTe« ^ztc worked out by 
Indins educator*, child derelopment experts, achool teacher*, film makers, and 
te)eri)don nrofeftnlonals during a series of fire tbreenlay seminars In the sum- 
oer of 190S. Their recommend at ions, in e»>ence. suggested preschoolers should 
know letters, numbem. geometric forms, and how to reason and solre problemsi 
Thtj also should be familiar with their physical and social environments. 

CTW producers are now designing experimental films to meet objectires tn 
etcb of these curriculum goal areasi Before the films could be shot, however, tc- 
f^irch had to determine what the potential audience already knew at>out a ^ren 
KQbJect. We designed special tests for this purpose and administered Oiem to 
Urce numbers of three*, four-, and fire-year-old children. The results of these 
texts tell producers the level of letter and nnmber recognition for which their 
spntR should be <Yeslgned. 

TTe also constmcted test items to determine how effective each piece of com* 
M^rd production material is when It is actually shown to presbool children. 
\\> liuilt a J Bpot test Item, for example to, Pte whether the J sound in words 
starting with that letter was picked up by the children. We showed line draw 
inint of a Jacket, dog, airplane, and table to preschoolers who hsd seen the J Spot. 
Thm we'd ank them to select the picture with the object that begins with the 
letter J. This was a difBcult test and not many succeeded in connecting a draw* 
inrof a jacket with the initial letter and sound of J. 

In onr field work thus far, we have turned up some interesting, if perhaps in* 
conclusive, general findings. We found the voice and mannerism of a performer 
are impoitant to a young child. Many children, we learned, were distracted 
sDd puzzled when an attractive film star with a naturally husky voice read 
s itory. When ahe first appeared on the television set, the children appeared 
(!eM{hted and expectant. But as she began reading, they asked what was wrong— 
"Wii she sick?*' Her voice simply did not match her face. 

In another instance, a loroup of preschoolers watched a film featuring Bill 
Cotbj- of "I Spy" fame and persisted in identifying him with that program In* 
Ktesd of accepting his solo performance, they kept waiting for his "I Spy" part* 
ner, Kelly, toappear. ' 

Ooe segment in "Sejtame Street" takes advantage of the current genre of ad* 
venture satires such as "Batman," "JIan from UNCLE," and "Get Smart." The 
»^iuenpe, which may become a regular feature of the series, is a spoof called 
'The &ran from Alphabet." The man himself rs a bumbling anti-hero in a trench- 
coat, whose antagonists are the arch lllltentes Digby Dropout and his asslsUnt, 
Donee. 

^ In a typical episode, the man from Alphabet gets order* from his boss. 
Teartier," and heads directly for a newsstand operated by a seven-year-old boy, 
"H.B ," who Is the brains behind the Alphabet operation. H.B. patiently leads 
the man from Alphabet through a logical reasoning sequence that concludes with 
w solution to that day's mystery. 

The scries will be on several levels to permit younger children to watch It on 
tbeJr levels of perception while their older brothers and sisters— and parent*— 
csQ react on their own planesi '' 

Three or four hosts. bUck and white, will provide the show with continuity 
snd also relnforw the educational elements of the program. More important, 
tbe bosu will give the sho?r the human warmth so essential to young viewers 
They probably will be supplemented by guest celebrities who would appear in 
ctmeo roles. Some of these star appearances will be for the purpose of capturing 
SDd holding the mothers' as well as the children's attention, brothers most likely 
^11 have to turn on the television sets and, hence, are important factors in 
tbe design of the production. 

The show's home base, "Sesame Street"— named after the "Open Sesame!" 
command from the tale of All Baba and the Forty 'niieve»->ls the front stoop 
of » Hnall apartment house, where the host will talk with passers-by and to the 
•udlenc*. A candy store and an excavatl'»n surrounded by a fence of colorful 
"doors" are nearby. Through these doors viewers will explore the worlds of 
"^tand f&ntasy, of farms, animals, and otrtir space. 

In addition to the prebroadcast research at CTW, an entirely separate phase 
of rwearch and evaluation will be undertaken by an independent agency, Bduca- 
tionul Testing Serrice CETB) of Princeton, N.J. The ETS Is testing a nation- 
wide sampltr of pre-schoolers before the series begins and will test the same 
noup after it has concluded to determine how much the children learned from 
^ show. 
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Th« entire Cblldre&'« OyieTlAloo Workshop experlmeot r«tts oo aererr! educt- 
tlouaUytcd 90CUU7 slmiflcaDt premises.. Clearly, a rubstantlal and significant 
portion of A person's Intellectual derelopment occurs before he entera kJnder- 
cartea. We also kuow that the dlsadmntafed child often reaches the finrt grade 
aa much aa a year or two behind his middle class classmates in some areas of 
intellectual defelopment. Frequently, he falls further behind aa his schooling 
pit>CTes«esL 

A. !Urt In school for all children at Jfe four, though endorsed by educators 
and gOTenunent leaders, would cost an esUmated $2,75 billion, not including the 
% co«t of classrooms to house the more than Are million additional children. On the 

other hand, television Is everywhere. In fact, 90 percent of households with 
incomes of leai than 15,000 a year own at least one television set The challenge 
U to get the people In those homes to turn on "Sejuime Street" 5Iany of the 
stations carrying the program are on ultra high frequency (UHF) and few of 
the urpet families, particularly In the critical inner-city areas, aj* in the hr.blt 
of tuning to the UHF channels. CTW is trying to prepare the way with an 
extcDsIre information and promotion effort directed specifically to mothers and 
also to teachers at child day care centers. They are the keys to the campaign, 
because it la they who must be reminded to tan. on the telerlslon set at the 
rlr^t time. Also« UHF channels are sometimes difficult to focus, so mothers must 
know exactly how to d^ It. 

An important part of the promotion effort will be to encourage city mothers 
to form volunteer viewing groups in which ench mother takes her turn as 
ho^eas-teacher and Invites the children of neighbors to view the show in her 
home. OTW will prepare and distribute colorful program guides that will Inform 
mothers of the educetional contents of upcoming shows and suggest follow-up 
activities to reinforce the program's dally fare. 

In all its flicets, "Sesame Street' is a pioneering experiment In the^construc- 
tlre use of television. We believe it will be worth the money and effort If it 
only answers the basic question: Can television really teach? It will truly be a 
success If the young viewers learn as much from "Seiiame Street" as OTW and 
Instructional television generally are learning in the process of its prepcratlon. 

Fo^ further Information, write to Children's Television Workshop. 1805 Broad- 
way, New York. N.Y. 10023, 
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APPENDIX A 

Commission on Instructional Technology: 

Six Reconnnendations -L' 



Reoomidcndation No. 1 

WZ UOOXMZND: 

A new institutionr-the National Institutes of Education (NIE)-^ 
thould be estahltsheu by Congress within the Department of Health, 
Education, and Welfare, reporting direcUy to the Assistant Secretary 
for Education, ' 
The National InstUutes of Education should be broadly authorized 




jt ' Mjvu^^ which grants would he made to universities 

and other independent research institutions. The institutes would also 
conduct research themselves. The NIE should sponsor, among other 
things, several strong autonomous regional RJ), di A, centers, plus a 
stna/i nuviber of comprehensive demonstration projects, 
I National Institutes of Education— well-funded, 

broadJj based, and building on present strengths and suocessfu] pro- 
prmms (public and private)— would give concentrated leadership and 
direction to a national effort to improve learning and teaching at every 
level of education. Theorganixation should start with a few component 
inst itutes focused on critical areas. This report proposes the creation of 
a ^atlonal Institute of Instructional Technology (see Recommenda- 
tion ^o. 2), mcluding a center or "library" of educational resources 
(see Kocommendation No. 3). In addition, the National Institutes of 
Education might create other institutes, as for insUnce one concen- 
trating on learnmg research, one on teaching and curriculum develop- 
ni2nt, and another on educational organization, finance, and manage- 
ment. A prime function of the NIE as the parent body would be to 
ensure dcise cooperation and feedback among the institutes. Their 
provinces would obviously overlap and it is important to avoid perpet- 
u.mi^r conventional and unj)roductive divisions. 

Instructional technology simultaneously draws from raid contributes 
V "J^.^^r^JH^e science of learning; The technology of instruction is 
f ' *f ^V^'^P purposes and the subsUnce of educa- 

i»on. UnJess technological means are hameeaed to humane ends, with 
JuU repard for mdiraual diversity and needs, no real benefit will ac- 
crue to society-indeed, the reverse iix more likely. 

l-urthermore, instructional technology is integrally involved with . 
ktT^^ of learning and the genuine mdinduSlLwUon of learning. 
h^L^M^^ d^inction, then, between research and developments 
n ^nM ^-^^ ^"d, and research and\ieveIop- 

tZl 1 ^/h^^ educatjon, on the other, appears to us to be arbl^ 
mry, in Xacf, this very divwion hwi contributed to the disappointing 
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impact thua far of instructional technology^so frequently heralded, 
so 'seldom realized down the years since 1913 wh^n Edison proclaimed 
the nwtion picture as the prospective agent of complete school reform. 

The Nationaljhstitutes of Education and its component institutes 
would undertake a limited amount of research, development, and ap- 
plication themselves. This proportion should be relatively small, how- 
ever — perhaps JO to 15 percent. The majority of the work should be 
executed through grants made by the institutes to selected institutions, 
both public and private. 

The Commission recognizes the importance of conducting both basic 
And direct research. Basic research, m which the investigator is free 
to formulate his own q[uestions, can lead to far-reaching discoveries 
which could not be dehned in a blueprint for investigation. On the 
othei hand, directed research, in which the questions are clearly struc- 
tured, can be a powerful tool for achieving specific desired results. 

Each institute should establish subsidiary research, develop*nent; and 
application programs, tied in closely with individual institutions znd 
with existing and projected regionm centers. The Nritional Institutes 
of Education and its component institutes should work closely with 
state educational agencies, especially state departments of education, 
and with the Education Commission of the States. 

To insure maximum effectiveness and influence, the National Insti- 
tutes of Education should be a strong arm of the Department of 
Health, Education, and Welfare, reporting directly to tne Assistant 
Secretary for Education * as shown m the chart on pap^ 41. 

The National Institutes of Education should be headed by a direc- 
tor with outstanding qual ideations appointed by the President and 
aided in policy makmg by a small strong top-level Advisory Board, 
composed of government and nongovernment representatives. Each 
constituent institute should also be headed by a highly qiialiiied 
director. Together the Advisory Board and the directors wouid act 
asa council to coordinate the work of the NIE. 

Through its national visibility and stature, the National Institutes 
of Education should build up eilucational research, development, and 
application throughout the nation. Everywhere — in universities and 
school systems and state departments of education— there are able, 
dedicated people working on new approaches to solving edu'iational 
problems. The National Institutes of Education sliould strengthen 
promising work now going on,enrouraffe initiative and invention, and 
support a diversity of approaches to critical problems. In Recommen- 
dation No. 2 we indicate now one of the institutes — the National Insti- 
tute of Instructional Technology — could accomplish some of these 
objectives. 

Tradition of Federal Research^ Development^ and Application 
Leadership 

The establishment of a federal institution such as the National 
Institutes of Education would be entirely in the mainstream of Anieri- 



» Note — The Cotnmlx^loD bfltf Tf « tb«t the F>drral OoTf rnm^nfs top oOTirlal for Mu. 
cfittcn shoij><J upcradM xz. thf ICTfl of VrnWt Sff rotary at hast icil ultimately to a 
full S^cr«>tary, fitbf r unilrr thr S*>crf tarj of Ufallh. Kducatloo. and Welfare or as bead of 
* •eparatr new cablort Irrrl Df partoufot of Kducatioo. 
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can tradltlotu Thm are (ratstanding precedents for federal action of 
this magnitude in other fields. For instance: 

A^Mlture, — Since 1862^ when President Lincoln signed the Con» 
ffressio >al acts creating the U^. Department of Agriculture and the 
Und*grant coi!«ges, the department has initiated, ninded, and super* 
^sed a vast program of research, development, and demonstration 
projects. Today^ Uie department works closely with state aCTicultural 
experiment stations, the Cooperative Extension Service, inoustry, and 
other agencies in a complex of projects related to rural affairs. Coordi- 
nation of all the department's research and educational activities is 
the responsibility of the Science and Education Director, who reports 
directly to the Under Secretary. They include direct research (for 
example, at Beltsville, Maryland), research done in cooperation with 
the state experimental stations ana other agencies, the Federal Exten- 
sion Service which applies research finding to day*to-day rural prob* 
lems, and the largest liorary on agriculture m the country. 

The federal-state-local agricultural research program comprises 
oom|}rehensive research and development in agriculture and forestry-- 
racing from basic research to direct application of R£D results to 
indiviaual farms, families, and business nrms involved with apicul- 
ture. The prugram is financed on a matching-fund basis, with the 
states matcning the federal funds allotted and with counties also con- 
tributing to extension services. Currently government funds for agri- 
cultural U&D amount to about $450 million annually; industry pro- 
vides an equal amount in addition. As a direct result of agricultural 
RW, the productivity of American fanners has multiplied many 
times. 

HealtJu — A large part of the nation's biomedical research and train- 
ing is concsntrated in the National Institutes of Health. Federal funds 
for these activities grew significantly during *he 1950s, as Congress 
recognized important new prospects for jmprovI;\t? tl.** nation's health 
through research (triggered in part by the discoveiy oi" the Salk vac* 
cine and spectacular developments in tho new sulfa, untibiotic, and 
other drugs). By 1970 the total budget of the National Institutes of 
Health (including ten separate research institutes and certain other 
responsibilities, notably nealth manpower) is expected to bo $1.5 
billion. 

The National Institutes of Health is primarily concerned with re« 
search — not development — and with eaucation in the health field. 
Nearly 90 percent of NIH-sponsored activities is "extramural," i.e., 
it is carriea out through grants to univ.^-sities, medical schools, hos- 
pitals, clinics, etc. The remaining 10 Percent h.cludes XIH's own 
extensive research activities at fethesda, ifaryland. Although tho 
National Institutes of Health is part of the Public Health Service on 
the ofiicial organization chart^ the head of NIH reports directly to the 
SecreUry of Health, Education, and Welfare, through tho iVssistant 
Secretary for Heahh and Scientific Affairs^ 

Nni-sponsored research has made possible a better understanding 
of the underlying causes of cancer, heart disease, and other illnesses^ 
an understanding which brings closer the day when these diseases will 
be successfully cured and, ultimately, prevented. pevelo{)ment of a 
rubella vaccine, improved treatment of acute leukemia in children, and 
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% successful cure of « nrt ctnccr afTecUng young women (chorio- 
carcinoma) are but a few of tlie fruits of KIH research. Oilier dcrclon. 
ments, such as progress in the deciphering of the genetic code have 
far-reaching implications for the entire field of medical and biolocical 
sciences. 

^eed for AVir Effort in American Education 

Eduction has Jong needed a national research effort, cc:,imensur- 
ate with those m agnculture and health, focused on the improvement 
or learning and teaching Kow is the prime moment to bring all avail- 
able resource to bear in sti-ongthi.ninc: educational r«scarx:h, develop- 
f"^"i; innovation, wiilch for far too long have commanded 
msufticient funds and talent. 

"While many basic questions still remain unanswered or disputed, 
there arc encouraging additions being made to man's understanding of 
the hows and whys of human learning in all its variations. One impor- 
tant reason is the gradual coming together of research specialists who 
once operated almost in isolation: new findings from the laboratory 
^•^v ^ J. wiiinal lenming, for example, ©ro inleracXing 

^"h hndings from actual classrooms. 

Today Anierica needs to examine the basic assumptions (too often 
unexamined) on which schools and colleges operate. If indeed schools 
are to be huir.ane environments for leariimg and not mere institutional 
accumulations, if diplomas and degrees are to he more than mere passes 
to economic and social acceptance, America's Vast decentralized edu- 
cational system ' must undergo a revision tliat draws upon the best 
insichts that can be cultivated: from scholars of diverse disciplines, 
tochers, philosophers, and artists, administratore, citizens generally, 
and from the ultimate consumer — thestudent. 

In recent years, the federal government has spent increasing 
amounts for education. Under tiie Elementary and Secondary Educa- 
^^^^' example, about $4 billion has been allocated to 
up^de education in deprived areas. But these funds were not invested 
to get to the roots of education's problems, nor to design a system with 
more adequate theoretical and technological foundations. The money 
Jias been used primarily to repair and extend the present system. 

Tlie C^oimnission has concluded that the nation's iinestincnt in edu- 
cation must be increased and its thrust changed if Anierica is to 
resolve 1I5 present basic wincational and social problems. To bo sure, 
pubhc e.xpend:tnre5 on education are nominally accepted as an "invest- 
ment m the nation's economic ajid social future. Rut the situation 
today requires that substantial fimds for education bo allotted for in- 
vestjneiit more strictl v construed : as capital to create an improved sys- 
tem of teaching and feaniing ^^hic}l ^-ill produce n»ore re.-il individual 
^^stem!^^ ^^"^^enient for each dollar spent than is done by tlio present 

believes that the problems of teaching and learning 
could yield to an orcar.ized and systematic attack, and that the refine- 
ment and imaginative use of insiructional technology could contribute 
signally to the success of that attack. Certainly the solution of educa- 
tion s problems is as critical for the nation's future well-being as is 
a cure for cancer, heart disease, or stroke, or the development of more 
eiijcient techmques for growing and harvesting wheat. 
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A lietD Empha»i$i Development and ApplieaHoti 

Folly as urgent » expanded, shftrply focused research is tHe need 
to improre the essential follow-througQ known as- development and 
application. The process of successful innovation entails several stages. 
First, there is specific development which produces from a new idea 
a paxticular pro^Tam—for teacHing reading to oiiildren in the early 
gx^es, for instance. Second, there is>»dcsign-and-proving stage, to 
^ test the new program in die schools. Third, training and follow- 

thzough enable ke> (>eonle to run broader triab in tne schools, and 
constantly feed back iniormation on problems and discoveries which 
may modify the program. Finally, there is a transmission of the now 
pr^ram in usable form to interested schools throughout the nation. 
^ lliere is, of course, seldom so orderly a process as this sequence sug- 

gerts. The role of creation, of pure tnv^'.cn, is all>ini}>ortant in edu> 
cation as in any other science or art. And it would be stultifying if 
innoTation had to wait on solid research results and development pro- 
•* ceduree. The ideal process that needs support and encouragement b 

circular: the bright idea, successfully improvised by a teacher, admin- 
istnttor, or student can spur researob, as well as the other way around. 

It is clear, moreover, tnat ercn the best programs of research, devel- 
opmentj^ invention^ and application, if they are to have practical, large- 
scale etBcts^ require improved efforts m packaging, disseminating, 
and evaluating. Therefore, educational improvejnent could be fur- 
thered by concentrating funds and effort on disseminating outitandinp 
thooretial and empirical findings in usablb form. Increased funas 
could be applied, for example, to quicker and wid'sr communication 
of important findings through television, radio, and other news media. 

Further detdlU with reepect to the National Iratitutes of Education 

1. xhe Kational Institutes of Education, through its various con- 
stituent institutes, should take over the activities of the Office of Edu- 
cation's present Bureau of Research, which include the ten Research 
and Development Centers and the fifteen Regional Educational 
Laboratories funded under title IV of the Elementary and Secondary 
Education Act of 1065. It should also assume such other educational 
research, development, and application projects as clearly fall withiu 
its purview.* 

The recommendation that a new agency absorb the present func- 
tions of the Bureau of Research implies no derogation of tJiat hard- 
pressed organization which in its brief existence has made a marked 
contribution, quantitatively and aualitatively, to education. Federal 
support for educational ^es4^a^ch, however, is still wliolly inadequate. 
The totcl for 1969 (all of it in the form of grants or contracts) amounts 
to no more than $125 million, and goes largely for applied research, 
very little for basic research or for development Moreover, in the sum- 
mer of 1969, the research program is in the mid&t of a cutback. 

2. The National Ixistitutes '*f Education should also be expected to 
mam tain close ties with relevant research and development bein<j con- 
ducted in the many federal agencies outside the Department of Health, 

•T^ NttSooAl l8«droU» of Edocadoo tbonld AMXxm* oolj tb« roforeA mpoc-*lbllUlM 
BOW andtr ttt OZot of E4ocr.Uoc. Op«rttjcc profTftmt Mr« cbAp; P wWcH oow 

* fluikt op tba baUt ct OS proframi. «boal4 muin in tba Oflo* or LdocACoa. 
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Education, and Welfare that operate educaticm programs:* also 
with the American Educntional Research Association and \rith prac- 
titioners in other relevant diciplines such as social scientists and 
engineers. 

§. I'he National Institutes of Educa - .ould use the research 
models in agriculture and health as ^ides. In its disposition of re- 
search funds, for instance?, the NIE might well follow the lead of the 
National Institutes of Health in concentrating researdi in universi- 
ties and otlier re$earch»oriented institutions through grants. In other 
important matters, liowever^ agricultural research and development 
might offer a more appropriate model; e.^., with rcsi-ect to the close 
collaboration maintamed with state and local agencies and the em- 
phasis on development and application as well as basic research. 

4. The National Institutes of Education proposed in this report may 
well be involved in researcli projects running three to five yeare or mort 
in length. ^Vnnual fundingm the ordinary way would limit the effec- 
tiveness of such projects. The new organization, therefore, should ex- 
plore with the Bureau of the Budget the possibility of obUining au- 
thority to use "no-year appropriations*' for jesearch programs, or 
forward-funding arrangements (100 percent committed for the fii^t 
year, two-thirds for tlie second year, and one-third for tlie third year) 
similar to thos© developed by a number of government agencies includ- 
ing the National Science Foundation, tlie Atomic Energy Commission, 
the Environmental Science Ser\nces Administration, the National 
Aeronautics and Space Administration, and the Department of 
Defense. 

RS00itU£NI>AT70N No. 2 
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A Aational Institute of Instructional Technology (NUT) should 
be c^toblished as a constituent of the proposed National Institutes of 
Educaflon, TIlc vuroose of the NUT should he to improve American 
education at all levels through the use of instructional technology. The 
focus of the Institute's activities should he on research^ development, 
and application tn equipment, instructional materials, and systems, 
and also tn training personnel. 

The proposed A ational Institute of Instructional Technology should 
strengthen and promote the most promising of the Research and De- 
velopment Centers and Regional Educational Laboratories (now op- 
crating under titU IV of tlie EUm^ntary and Secondary Education 
Act of m-o) which are conducting programs involving instructional 
technology, and should establish such other regional centers as it 
decnis neceuary. 

. Tl»« National Institute of Instructional Technology should increase 
.-tpiniicantly tlie quality and quantity of the i^arcli, development, 
dis.>cmination, and action programs needed to fulfill instructional 
tc-chnology 6 potential for advancing learning and teaching. 

r>^*^f\^^lU^il^J^XAL^^^ Atomic EotrtT.oJ>inttlstloo. tbe Nitlooal Aero- 

dfTotr^ to -WJ^itloS «nd 0' Federal fuoda 

ici-ortAficJ !• r,fn,»!Sr .""5?*" L ^ootbtr releriot prlfite pobl e enterprite of 

r««rtbS#io«ttL KitlOMl kt^j ot BduMtJoo to Aoaoce btaJe 
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liktt ita fellow institutes, the National InsUtut« of Instructional 
Technology could be a new locus of Ulent, energy, expertise, and imag- 
ination for American education, providmg leaaersnip and initiative 
for efforts from many sources. It should bnng together scholars from 
many disciplines and experts from the vanous media representmg 
divergent riewpointe, including talented people who have hitherto 
dedicated themselves primarily to their own professional fields and 
onganizatlons and to their own communities and institutions. 

The influence and impact of the National Institute of Instructional 
Technology, like the National Institutes of Education as a whole, 
would derive principally- from the stature and performance of the 
people mobilized, and from the initiative taken in advancing educa* 
tiisial imnrovement. By its use of funds, its development anddissem- 
ination of new ideas, and its direction of selected pilot programs to 
achieve innovadon in schools and colleges, the National Institute of 
Instructional Technology should generate a new, more coherent thrust 
toward continuing improvement throughout American education. Its 
woric and that of the other institutes should serve as guides for the 
many programs carried out through the Office of Education — a coop- 
erattve way of tronslating researched, developed, and tested methods 
and i deas into effecti ve action programs. 

In line with the pneral policies for the pronosed National Institutes 
of Education outlined in Recommendation iJo. 1, the National Insti- 
tute of Instructional Technology should instigate and sustain pro- 
grams of reseirch, development, and application relating to its 
responsibility.^ It ^ould encourage and support regional, state, and 
local activities, encourage initiative and invention, and provide a di- 
vetaty of approaches to the critical problems of instruction in the 
schools and colleges. Of first importance would be the National Insti- 
tute of Instructional Technology's leadership in finding effective ways 
to improve and expand the production oi educational materials — 
perhaps through the creation of new production centers that would 
draw on both public and private resources.* 

Hie Q)mmissi(Mi cannot emphasize too strongly the importance of a 
diversity of approaches." The National Institutes of Kducation and 
its constituent mstitutes should constantly foster alternative schemes, 
in much the same way as systems analysis encourages alternative 
solutions to an objective that has been established. The problems of 
education will not be solved by any one approach. The very diversity 
of human beings and cultural patterns demand diverse approaches. In 
the past, education has tended to overlook this diversity and has been 
Inclined to proceed on the assumption tliat everyone should be able to 
learn in much the same way. We propose, therefore, a decentralized 

f attem for the programs sponsored and coordinated by the National 
nstitute of Instruaional Technology, and we envisage regional clus- 
ters of institutions— unive^ities, .school systems, state departments of 
education, production centers— working together on projects of com- 
mon4nterei and of national significance. ... * u 

The Commission strongly endorses the concept and objectives oi the 
Research and Development Centers and Regional Educational Labo- 

•Ad mmpt* of coabtMd •fforti !■ tfct ChUdftft'i T«l«Tt«loo Work»bop, wWch U 
•ettdol«d tofoonUMftlrUtbeCftUof 
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rttones,* In me with the institutional pattern ouUinc^ above, certain 
centers and laboratones would cl«rl/fall within the sco,^ of?he 
National Institute of Instructional Technology. All the laboratories 
A'^T^T^- ^th cSSsiderable yMn^ 

the degree of sophistication of the various programs. A few of the 
R^arch and Development Center, such as 1>i«sburgh, Johns Hop! 

o]^i«lfirw1:J''^'.<^'^"^^ The center at the Uni verity 
Im^u^S. been outst4inding in combining basic researcli with 

rff^AJ^^J^""'^!^*" others are in 

effect pronding models an. prototypes for further development by the 
Reponal Educational Laboratories. ^ 

♦i^H^^fl 4^ 1^^^"^ ^ f "^^i^'' handicap in the evolution of 
S^^"ii^*^'Pr^.-^ ^^'^ laboratories, and has 
slowed downOieir contribution to education. In comparison with the 

fnTJ nofiIc^^i^"P/P?? "^H""^ "Search and development 

installations in other fields, the federal support for educational 
sear^ development and application must fie described as token. The 
fnH^^^r^A^" Laboratorj'. sponsored by the National Aeronautic! 
^nEfrt^k -'^S? ^^^^nce Radiation Laboratory. 

T^^nfll^\t^'^J''^^''^''^.^^ i^i^e 20 percent 

rl^^ obligation for univet^ty.adrainistered 

research and development: no Research and Development Center in 
education has ever received much more than 1 peiwnt of the total, 
f hirJf^''"'"''^'^" P^'^P^^ tliat those laboratories and centers making 
f nS^KPTr''"^ advances in the use of instructional technology l| 
In^ . K.? proposed NaUonal Institute of Instructional Techno- 
nSi «nA»f iT^^'^u^ empowered to establish new centers as 
^^!?rr laboratones and centere be adequately financed, 

welMirected, competently staged, and then encouraged to operate 

Il^n5£""'''?H°'^'P^'^^'^ ^u*^ 'of the most part, 

wnduct mulfapurg)se resoirch, development, and application.* Er- 

^P?!cc^-7°i!!'^ ^ experimentation whidi would 

necessarilv be more highly specialized. ' 

The National Institute of Instructional Technology sliould provide 
cn^ "H.^"^^ '^f. ^^^«^a?J organizations concerned with media, 
Srff ^f^^,9o[PO"ition for Public Broadcasting, state agencies 
^nml^ff^^'- ^."^^^sting authorities, and the diverse gS)ups with 
Sr^^^ ^ technolofflr field.^ Although increasing^umbere of 
Classrooms make some use of instructional fihns, television programs, 

ond?nVnu'S>m' tbf^S**<Sffl^°^ Kdoctlontl Ubor.torlf. opeitle 

•11 loAt^ JuM,. .:..r iVr^ of Cduc»U0DV Buret a of Retrarch. Tbr R A D Cfotfri 

to <J«J^ rrorrimi to mlii u^ tII v^L^^ll^^^l" *<> «Iucttloo lod thro 

afytp doMlT with' li.l .^S^u'?k..'*!1^ ^i^^' ^ ^' J^X^ ttpectfd to work much 
©•t°rld5 .^^f?^^^^^^^ dfTrJoprnfOt tctlrlttri. drmonttrate their effect re new « dipt 

Hc.rjDft Tirlpt^if iVi^ «'»^^""^ Productloo Of InitructloQil tnttrrltU fm- 

TV^/bV^NKt IVfirmVi^r^^ ^* Amfrtco Ffdfrttlon of 

C'^H TJ.I<^«T«ni*t?i'l*""5..",..'*"'^**'**"*> Initrocdon. the Joint Council oo Edurj. 

-^►rlcn cSSodj'^S^otJSi,^^*^.!^'^*!!***"- .H"! EduatlotuJ Media CtouncU. the 



tspeS) records etc*, the exponents and practitioners of the various in- 
structional media operate without sufficient contact, coordination, and 
cross- fertilization. *\Media apartheid," as one expert calls it, has helped 
to subordinate nonprint media to the hegemony of the printed book, 
iforeover, professional associations and the organization of schools 
and colleges (for example, the separation of *the library, the audio- 
visual center, the -television stations, and the computer facility from 
one another — even though all of them should be collaborating on in- 
structional programing) have encouraged this separation. Instruc- 
tional technology needs a central agency with national stature which 
could function as a base for those outstanding practitioners from each 
field who want to work with others across meaia boundaries to apply 
their knowledge, experience, and insight to this solution of pressmg 
educational problems. 

An e^ntial counterpart to the efforts to use technology for more 
effective instruction is research, development, and application in the 
techniques for storing and retrieving information in /ill media. Iliere 
is need to develop better tools for the analysis of library and informa* 
tion requirements and improved ways of measuring the value of exist- 
ing systems and services. The Commission, in considerm|r this prob- 
lem, finds itself in agreement with recent-recommendations of the 
National Advisory "Commission on Libraries.' A principal recom- 
mendation was for a Federal Institute of Library and Information 
Science to^ conduct basic and applied researcli aimed at using tecli- 
nology^to improve library services. The National Institute of Instruc- 
tional Technoioffy would be a logical location for these functions. 

Another Kighly important feature of the research, 'development, and 
application efforts recommended here should be worldwide coopera- 
tion in the full utilization of instructional technolo^. If teclmology's 
potential can be thorough iy explored, analyzed, ana confirmed in the 
United Stites, the results could be adapted to the educational needs 
of other countries — with particular impact on tlie developing nations. 
Also of importance are the lessons the United States could Icani frop; 
other countries, a number of which are experimenting widely - ith 
instructional technolocy.* International collaboi-ation coulr' reduce 
duplication of researcKj development, and application and speed the 
advancement of education in tlie United States and flirougfiout the 
world. 

Major functions and proprams envisaged for the National Institute 
of InstPictional Technology* are spelled out further detail in RcC- 
onunendatioiis No& 3 through 6, wliich, to^'eth.er with the details in 
this recommendation, reflect tlie following priorities: 

• Fundamental research in technology as a total system, both in 
helping to fuid answei*s about Uie learning and teaohin^ proa?s.'-"cs 
ana m putting research results into practical application. 

• Development of a systei'; by which practicing e<lueators in schools 
and colleges throughout the country would have ready access to 
the widest possible range of materials and resources for instruc- 
tion, in eveiy medium and* subject 

• lo a rvport to U>e PT4«td«nt of thk Uolted States, «ntlt!«<: Library Strvtcea for th9 
yatlnn'M Seedt, Jnly 1988. 

•To dt* ooe ei«mpl^. Jtptu bta b«n • world lM<!#r In the a*e of lnttnjct!ooil tele- 
tMoq. 4J)d aboald htve mach to offer In tho wmf of tdrtce. dlrectioo, and examp]«. 
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• Improvemeat of methodB of evaluating the relative effectiveneas 
of vanous educational resources (humaA and nonhuman) and 
their combinations in the learning patterns of individual students. 

• Exploration of means for develoi>mg high-quality educational ma- 
terials comparable in sophistication to the machmes or equipment 
now available or about to be available. 

• Development and application of improved methods of preparing 
teachers, administrators, and many aifferent kinds of specialists in 
the best uses of instructional tecinology, induding access to re- 
hable comparative economic and performance data on hardware, 
prog^rams, and technological systems. 

• Collaboration with industry xn exploring ways to develop hard- 
ware especially suited to instructional need& 

• Concentration of all the foregoing efforts on helping achieve, 
through technology solutions to the nation's most acute educa- 
tional problems, such as: 

Improving learning in disadvantaged schools, uri>an and rural : 
forpreschoolere; and for the handicapped. 

I>eveloping the most fruitful approaches to making instruction 
truly indiviJuil. 

Revitalizing liberal arts and professional education and relat- 
ing higher education more significantly to personal and social 
experience. 

Developing practical ways for community colleges to meet the 
diverse and mcreasing demands bdng made upon them. 

*^ RBOoarMMTDATiON Na 3 

WE EEOOilMZND: 

The proposed Natumal Institute of InstructUmal Technology should 
take the lead in efforts to identify^ organize, and prepare for distrihur 
tionrtU high-quality tTistructional materials^ in all media, capable of 
improving education. 

For this purpose, the NaticTud Institute of Instructional Technology 
should consuUr establishing a center or Hihrary'' of educational re- 
9<^rces, Among this aaency^s responsibilities would he: identifying 
tnou areas tn which there is a shortage of educational software, and 
making pubhc these findings; assisting school and college libraries to 
transform thentsehes into comprehensive learmng centers; and stimu- 
ianng tnterconnections {arnong specialised libraries, data hanJcSy 
scnooCs, and colleges) for comprehensive and efficient access to instrue- 
^^2r ^^"^^"^ ^ww? educatioTial manaoement datcu 

The unprovement of teaching-and learning through the use of in- 
structional technology has been unpeded less through the lack of equip- 
ment tlmn through the lack of high-quality instructional materials de- 
sipned for use with the equipment The Commission has learned from 
people in virtually every field— teachers and educators, as well as ex- 
pcnenaxi producers in film, television, and the computer— that the 
n^utociencv of exceUent materials or programs has been a critical and 
^^^^^^ ffiC^ development of a genuinely effec 

m?nr ^ ^^J^'iderable amount of potentially useful material in 
icMy media which could be made available to education. The chief 
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problem is thAt there is no effective system by which materials can be 
identified, organized, and made conveniently available to educators.** 
Such a S3rstem would provide a new wealfli of information for the 
improvement of learning and teaching. 

Th© suggested center or library of educational resources would not 
be a "libmrv** in the usual sense of a repository of books, magazines, 
and other printed materials. The most advanced libraries today have 
begun to expand the usual meaning of **library" by gradually develop- 
ing into complex information storage and retrieval institutions de* 
signed to be much more than a collection of books. The center which 
the National Institute of Instructional Technology might establish 
would perform a set of functions quite distinct from collecting books 
and other mstructional materials. It would not itself store the va^ 
amount of relevant' resources. Rather^the center would supervise ana 
coordinate a wide range of functions that would include finding, sift* 
ing, adapting if necessary, and cataloging^ materials suitable for edu- 
cational use. It would provide educators with information about mate- 
rials in each subject neld, for each level of instniction, and in every 
instructional mode and media. A kindergarten teacher seeking manio- 
ulative materials to develop eye-hand coordination, a third-grade 
teaching team seeking fifms and audiotapes about the American Indian, 
a middfe-school curriculum supervisor preparing a unit of programed, 
instruction in mathematics, u high school principal looking into tele- 
vised courses in Far Eastern culture and history, a college professor 
desiring to use language-laboratory tapes for teaching introductory 
Swahlli, a graduate university seminar studying the sociology of 
Latin Amenca, a corporation developing a literacy program for hard- 
core unemployed — all would be 'guided by tlie center to materials 
relating to their instructional tasks. 

» Because it would cover all media, all subjects, all levels of education, 
the center's program wouid provide a needed synthesis and augmenta- 
tion of the various national organizations already involved in this 
field, such as the Xational Audiovisual Center, the National Instruc- 
tional Television Center„the Great Plains National Instructional 
Library, the National Center for Audio Tapes, the National Educa- 
tional Television Libraries, and the National Medical Audiovisual 
Center, as well as pertinent collections at the Library of Congress. 

This agency should also assist school and college libraries to identify, 
receive, store, and make available new instructional materials. This 
would entail their transforming themselves Into comprehensive learn- 
ing centers. Fortunately, many libraries .ire already far advanced ui 
tii^ reorientation. Further progress sliould facilitate the development 
of more flexible, individualized instruction at every level of education. 

A central educational resource center would provide educators every- 
where with the fruits of "search/find" operations, and might encourage 
the establishment of working arrangements for exchange of niatenai 
within educational institutions, libraries, and clearinghouses. These 
arrangeme!its should be coordinated on a regional basis, with the aim 
of eventually becomijig computer-based, 

»*Tbl« fip l» In Itrpe pirt tbe rmuU of th» rudlmeoury state of researcb und df 
telopmeot lo the tecboTques for baodllor iofortaatloD trjonnaUul in all media. As noted 
la Hecommcodatioo .So. 2. tht Xatiooal lottttuta of laitructiooal Trcboolofjr tboutd fl«« 
bigh priority to a program dnlgned to meet thta need. 
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E«<^ange of matenals between libranes is an old practice. The com- 
Ki^f T^V^ P?"""! *° «"npl'»ely revolutioni^ this prweHnd 
has made the planning of networL-s central to the creation of any 

i„fr 1. w retrieval systems, centere for gathering and dispers- 
ing technical informauon in various fields, anfcooperative int^^^n- 
nechons of learnmg institutes have taken shape. sSt there C b^n 

Lnwl!;!i^T'/"*'"i'*. libraries, and dftS 

banb to meet the demana for both instructional materiaJs a?d wsearS 
information on the process and management of education." The Na- 
hlel^?.''^"""^ Technology should take the i^Lti ve 
instffina^ arrangements for organizing such networks for 

In the immediate to short-term future, a network could feasiblv 
Sfl m«tX^'^"? ^ bibliolog^aphic infonSt^n oTX 

cational materials and rese.irch, indexed conveniently for the inauiiw 

&'oTft,n L°^®;^!SP»*",^^^ possibi^t;?Ld^7X 

DUity. of full-text access to books via computer, as well as instant 
mittaf of nonprint media. The realizatio^n of 'thL pl^tTaf ho^^^^^ 
requires the solution of several very complex p^bW ^'^^TfU^^^^^ 

rr^Srytr/^i-yt^^^^^^ 

mdlf^&?,^^5! f°^^t^ of whft exists in all instructional 
i^T. ./i . 8"°^ ^^'^^ yield an invaluable bv-nrod- 
urf^die idenu^cation of |aps in thosuppi of bstAirt onKte^rialt 
3?e wh^n iJS^*"'^ °^ ?^^™^i°°al¥echnology could SSfk^ 
hardware rd^Jf™"* (mcludmg producere and distributo.s oi 
fo™^?„5 software for every gvel and area of education) in- 
Xl^'^ 'iT^x!^ °S ?=''°°1^' «>d priorities. CDiis woufd 
t^on NVe^."""'^"^'"" '^'^'^ ^^^^^ Kicpmmenda 

dZtHf^i^ /w^atrfe 0/ Initruotional Technology >houU mvvort 
mu^<^ W f ^J^;^,"" ^H'*^*' '"^VovemUd rural areas, and con^ 

P^vJ^ S w f?tP°"^'ble for coordinating the use of public^ Jd 
I nvaie fu nds for this purpose. However substantial the kmount of 
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^ money mvolred, the total number of projects should be relatively small, 
in order tc enstain a high-quality, concentrated effort in each one with 
* saturation of avail able resources. 

Projects should be designed to achieve maximum visibility and im- 
pact, and should initially be lieyed to meet severe educational prob- 
lems. The Commission believes,' therefore, that the first and lartrcst 
demonstration might well be in Washington, D.C. The rationale is 
clear. While education in the nation's capital should be a model of 
excellence, this city's schools suffer perhaps more than niost city school 
systems from lack* of funds, inadequate staff and facilities, preponder- 
ance of impoverished minority-group students, flight of the middle 
classes to the ^uburl^ 

While these demonstration projects would specifically try out tech- 
nology in its various ramifications, each project should be based on a 
total educational concept. The choice of schools and communities 
should take account of prospects for eventual self-support Strong 
commitment of school and community leaders therefore would bo a 
prerequisite. In some cases the actual administrative and instructional 
patterns would have to be altered to accommodate the demonstration. 
The experiement should include not only public schools and com- 
munity colleges, but also programs for persons now outside the formal 
educational system — such as presckool children and unemployed, 
under-employed, and retired adults. 

These comprehensive demonstration projects should operate under 
the continuing ^[uidance of the National Institute of Instructional 
Technology and its regional affiliates. Purchase of hardware, physical 
changes to buildings, and preparation of new curricula r material 
should all be closely intenvoven, and the impact of these developments 
might well stimulate even more fimdamental chances. 

As for demonstrations desired to benefit out-or-school groups, wo 
si^ggest that private foundations, industry, and educational uistitu- 
tions be urged to supplement federal, state, and local government 
funding, and in addition, to provide professional and technical aid. 
Funding and active collaboration could come from a variety of sources, 
depending on the projects. For instance: 

(ay A community agency could develop an educational f>ackage 
^ in cooperation with'a local vocational school, a local television sta- 

tion, local employers, and a nearby university or community 
college. Citizens could be trained for specific jobs through special 
counseling and multimedia presentations', including television and 
programed texts. The "diploma" would be a job. 

(5) A day-care center could aucrment its usual activities by 
installing individual learning carrels equipped with imagin.itive 
programed materials for preschool children. Here the children 
couTd pursue begimiuig reading, number concepts, and entcrtaui- 
ing mtroductions to other new worlds— nature, the ar:s, or certain 
sciences. Xeighborhood housewives, college students, and retired 
peoplecould, with minimal training^ oversee the enterprise without 
the need for constant attendance or professional teachers. 
<9 (c) A variety of distribution media (telephone, television, 

raaio) could reach adult audiences at home. Projects for home- 
makers and workers could be mounted in subjects as diverse as 
business arithmetic, health care, and computer programing. 
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Imaginative progrmms to acquaint the public -vith the Xcumplish- 
ments and promise of technology m educaticz* could prove of 
great value. ' 

(d) The National Institute of Instructional Technology could 
help design a Job Corps center that would use instructional tech- 
nology in depth, taking full adrantage of the armed services' ex- 
perience in 30b training, and trying out varl as combinations and 
sequences to me^t each student's individual background, capacities, 
ana interests. 

Technology could facilitate distribution, presentation, and feedback 
It could also encourage cooperation among several aeencies—a critial 
aspect of any successful project The National Institute of Instruc- 
tional Technology's challciige would be to bring schools, universities, 
industries, social agencies, and individual citizens together in active 
participation and involvement in the advancement of education. 

Recoxhendation Na 6 

WE reoommzxd: 

Tha X ational Institute of Instructionnl Technology should take the 
imtuUive in er^^couraging the developnient of vrogrcms to improve the 
capacity of educators to make more effective use of instructumal 
t technology and programs to train specialists. To this end^ the NIIT 
should Aupport new programs, hascJ on increased research and 
development; 

(1) To provide administrators and department heads with the 
knoioledpe necessary ior managing technology effectively; 

(2) To educate school and college teachers in the moil effective 
uses of instructional technology and in the differentiate staffing 
patterns technology properly entails ; 

(3) To increase the number of gtudified specialists such as pro- 
duce rSy programersy and technicians that schools and colleges need 

^ if tJiey are to exploit technology fully, 
^ Besides initiatirg neu> program*, the National Institute of Instruc- 
tioruu Technology should also strengthen and expand the best existing 
programs for training and employing educational manpower in the 
wise application of instructional technology. 

"Teacning is the only major occupation of man," Peter Drucker 
wrote recently, "for which we have not yet developed tools that make 
an average person capable of competence and performance. But educa- 
tion will be changed, because it is headed straight into a major eco- 
nomic crisis. It is not that we cannot afford the high costs of education ; 
we cannot afford its low productivity. We must get results from the 
tremendous investment we are makinj^." 

In order to increase their productivity, the nation's schools and col- 
i|e?es require a larger supply of diversified, highly qualified manpower. 
j"ey need administrative leaders — college and university presidents, 
deans of instruction, department hea'ds, school supeiintendcnte, and 
P^),"cmals as well as state and federal officials, school board members, 
and college trustees— who fully understand the prospects for improv- 
"^P education through technology. 

I^ addition, the teacher or professor, from kindergarten through 
gra(juate, professional, and continuing education, should understand 



how new media can be employed to make instruction more effective 
and more.Jresponsive to the individunl student. 

Moreover, sxipportinp specialists and technicians of many types are 
needed if a mature technolofry of instruction is to flourish. The qualifi- 
cations required in these three categories — administmtors, teachers, 
specialists— are distinctive. 

Admiwtrators 

In the decades ahead, administrators will be required to make many 
comDlex decisions which they are not now being prepared to make 
wiseiv. The problems faced by the educational manager are changing 
ra; idly. Tomorrow "s educational manager will have to be able to 
haiidle a variety of responsibilities, many of them outside the walls 
of the school or college or state education department. He will need 
a background in education certainly: but ho will also need training 
and es^perience in the behavioral and social sciences, in finance and 
management, and in the development of human resources. The ♦hrust 
of this reconunendati6n is not toward reviving a "cult of eflicieicy" 
for education. Schools and colleges are already overcommitteu to 
rigid formulas for efficiency which prescribe class size, block schedul- 
ing, departmentalization, credits, etc. Technology n\ust free, not fetter. 

Of great importance, then, is concentrated research, development, 
and application on the special knowledge school and college managers 
can malce effective use of: what tools arc required, what methods (of 
economic analysis, staff recruitment and deployment, community and 
staff relations) are most efficacious, how tlie essential data can be 
acquired, how purposes and accom plish ments can be best evaluated, 
how edncational institutions can be staffed for maximum exploita- 
tion of television, recordings, projectors of various kinds, programed 
instruction, and other kinos of instructional technology — ultimately, 
how schools and colleges can redesign theryiselves to educate America's 
young people most effectively. 

The paucity of data even as to the functions of administrative man- 
power m education was recently empliasized by the Office of Educa- 
tion's first report pn the state of the education professions, required 
under the new Educational Professions Development Act. In the mat- 
ter of instructional technology, the educational manager siiould under 
stand how to find out what lie needs to know about the potentialities 
and problems of instructional technoloCT, and how to recruit and us© 
the talents of people who can serve in this field effectively. Obviously 
the school superintendent or university president hims<*lf cannot and 
need not be a sophisticated judge, purchaser, or user of hardware and 
software. But he should be able to depend on a staff qualifed to advise 
him or to act in these matters. He and hb associates should know also 
which technological applications have proved their worth, and which 
promising developments are imminent, whether in "older" media such 
as film or m new ones like the computer. 

In instructional technology, as m other crucial aspects of educa- 
tional management, the immediate need is for programs that will 
combine down-to-earth experience with formal training in appropriate 
di^iplines. Various graouate schools of educatioti are concerning 
themselves with this task, but their efforts must be multiplied and 
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mnforoed to make any real dent on the day-to-day manairement nf 
the nation^ educational institutions. Schools of business ?nd ^hl^. 
admm^stration architecture, and engineering should also parti= 

^m.'^A"!^'*^^ ^^5"^ to ^^lish management^triininrpi^ 
grams should be mounted by federal agencies in partnershiD ^ 
kd^'"^ "^"^^ systms.'^state depa^rtments o/^ 5ScSio?, 'I^l 

managcment-tniining programs should command sufficient 
money to produce a marked miprovement in the use of technolo^ry and 
L I^^^.^-^^Jf mnna^4 Thjy could take many forms, fnclud. 
l?f£1!^7^^ continuing seminars, and longer-term univer- 

froin^efiS^ feUowships^aU informed by constant feedback 

educational obsen-er has suggested the creation of a **staff col- 
n£^«lc^^^'5^K^u^"'^^''''' execuuves," adding that top university 
officiak W both mirrors and windows-sn that thoy can look inwara 
as weU as outward." The National Academy for School Executives' 
advanced seminars, which have devoted particular attention to instruc- 
tional technology, point the way toward such a program for school 
administrators." Clearly, the most promising of these proCTams now 
n operation or proiected should be supported by the KaUonal Insti- 
tute of Instructi >nal Technology. 

Sophisticated, practical ;>rc.service management training is also 
essential. The immediate concentration of funds and ingenuity should, 
nowever, be on m-service training, since most administrators, especially 
in tie lower schools, come up thrx>ugh teaching. 
Teachen 

There is evidence today that school teachers, a traditionally con- 
servativ^e ^roup, are beginning to see the value of using teclmolofry 
• for wlucational purposes Lois V. Edingef. professor of education at 
ttie University of ^ orth Carolina, wrote to the Commission : 
thJ^f!«T*fl,°l*^^^^ ^® aember* of tht teaching profession hnTe accepted 
l^reUiVJ^ °^J?"nH?!f*J^?^ resigned to lt> that education nust 

t^j»; 4*,^ ^^^^ ^^^^ •"^ ^ machine* to help Increase their produc 
tMlhlJ iZS torn to the using of power tools in educauon to allow 

tSir .thMf^K^* S?"* ^^^^^^ J* * by ^««<^^»^S profession 

to<uy, tIbeJt with Tarjlai: degrees of pleasure and readiness 

special significance smce slie is a recent 
past president of the National Education Association and undoubtedly 
expresses the view of many schoolteachers. It appears to be true, how- 
ever, tnat most coU^ge teachers contmiie to resist the **iiiroads" of 
teclmology. ^ 

A central ^nefit (as well as prerequitite) of the compreliensive 
application of technology to education will be a more systematic 
approach to instruction. The role of the teaclier needs to be more 
cApncitly defined than ever before. The teacher, therefore, should 
f»n!/^ . the far-reaching implications of technology in order to 
tPm u mdividual best as the central element of the total sys- 
^ ihe b ase for this understanding should be laid in the teacher's 

^^oe^i^^A^S^JSk^'^ KxeoDttm U aa tdjoncl of tbe Aatxictjx Jlmo- 
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Planning for the devdcpment of instructional technolocy should in. 
elude the recniitment of such nonprofessionals. As Professor Robert 
H. Ajiderson of the Harvard Graduate School of Education told the 
Commission : 

Tbe eiD«rslD( concept of aaxltUir p«r»OQnet in edacatlon hn* already creatM 
ao Impreatire UteratQPe, which haa rvcentlr begun to focua on the imtiortant topJc 
of training aoziUaiT peraonnel Not only can technoloirr play an Impomnt role 
la the trtlninc of ^och worker*, hot It aeemt Increasingly necessary for theae 
tiaople to b« faiaiUar with technolocy as an arpect of their work. 

Whether a staff advisor in instructional ti»chnolopy is necessary 
micht be disputed by those who have been discouraged by experiences 
with the topical audiovisual department of a school or college. It is 
the exceptional audiovisual department that is integrated into the^ 
fabric or the institution — with qualified audovisual consultants sitting' 
in on courses, sharing in the teaching methods and environment, nna 
then contributing to improvements through technology and otherwi?-.*. 

Qualified specialists in the production of instructional materials are 
scarce. Producers, graphic artists, audio technicians, and programers 
are bnt a few of the professionals needed to develop maximum effec* 
tiveness in instruction. Lack of expert advice in the production of 
instructional television programs, lor instance, has orten produced 
mediocre results. All too litUe is known about how to present instruc- 
tional material over television most effectively. Creative use of the 
medium has been barely attempted. There is no doubt that the "talk- 
ing face" has been overdone in instructional television. But even this 
teSinique has its usefulness and could be made more effective. Out- 
standing lecturers who fail to come across over television could 
improve their performance on the screen ^ith help from skilled 
professionals. 

The scarcity of good programers for the teaching machine undoubt- 
edly tempered the initial enthusiasm for this device, and may be 
seriously nandi capping current efforts m the various modes of pro- 
gramed instruction. Training and financial support for production 
and programing specialists sr'^uld have top priority. 

Instructional Designers 

The need for someone to work with teachers in their planning 
strategy as well as someone to help students in using libraries, data 
banks, or computers to their best advantage, is apparent. Institutions 
could combine forces and sliare the services of one instructional tech- 
nology advis<^ who could also conduct researcli and development in 
"instructional desijrn." 

Research and development in education are dependent upon the 
interaction of specialists from many different fields. The meager suc- 
cess of research efforts to date can be attributed in part to tlie dearth 
of well -qualified research specialists. If research and development 
efforts are to be relevant and fruitful, they must enlibt the p.irtieipa- 
tion of behavioral scientists, subject-matter scholars, engineers, educa- 
tors, and others. The central figure in this *'mi:c'* may well bo an 
instructional designer, whose role Robert Glaser has described as 
foUows. 

It la highly probable l^t a unique occupational specialty called Instructional 
dolcn will emerye la Tlew of the current lerel of heJiihtened Interaction amoag 
edocatort. behavioral idenUstA. educAtioxiAl pobllithers, elecuooics and com- 
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I*""* ^ * ^ ornnlMtloot In ^octUooa! t*cbDolo«y. iwi 
If!!i, l/nTi-.^SI^Ii * °^ °' periODi cooceraed with the prodoctloD 

Of education*: Proc«<J'ort«. matetUI*. ind tyttem*. i^rwuiruuu 

SIfoA 'i^M°. 'o'i<»*'°"»» profclfot ceneraicd from atteapta ailech- 
S^J^r^^f «'n>I«r Ibere will eoence a bod/ of pedaco^ical prindpfw 

«oil d^*^ JnstructioD that wlU be foadaoentil toU»? uuk of inain." 

f*^n«i^25*."?°!l y'J*^* Jncorporitc more of tbf adTaocts of «ience and 
tS^fJ^^*? i!*^*"' apwUlty of lD»trticHoo«l deslro will Sx)w. aod 

iSilTJ?" ?f^^^^ ^ dUrerent aulHipcdalUei ; for exaapl?, applied 

JJTm^ atid deTelopment, opentlotuil tzuteriaU deitlcn, computer •yatemt. 

T^^LL?^^*'- l"£C^ce and llDrilrtIc*. preachool leariln*. etT "^"^"^ 
^nSlS* J'r^^^J" •PP^*^ research, dtTelopc^nt. aod production 
^ incrtariar demand In the near future. Indeed, at Sepreient 
tim^iuchpewooa are rare and ea«erij»ou«ht ^^^v^rmi 

Recoicxekdatiok Na 6 

iVa^W /fj^ft^tite of I^tructxonal Technology Bh<mld take the 
ieaain Ortnging bimneismen and educators together tn a close working 
u!ch^^^ ^ productivUy of education through 

.^othis end, the Naijonal InstUute of Instructional Technoloav 
ihould consult unth other inUrested organizations and develop on 
^appropriate mechanism, A possibU course of action, for example, 
c<»dd he the establishrn^t of a National CouncU of Education ana 
inaustry that would focus on how technology can best meet the needs 
of indtvtdud students, teachers, and administrators, A small high- 
level councU of this nature^ with representatives from key branches 
of^ducation and tU tducation industry, could help speed appropriaU 
advances tn the design, development, and application of technoloov 
to tnstructton, * ' 

The free mtrkctplace for materials acd equipment has generated 
CTeat benefits in education, as in other sectors of American society, 
noweycr, there is mcreasing realization today that in the major fields 
01 social service, such as medicine, the operation of the free market 
must be supplemented by seme mechanism to make sure that innova- 
tion and diversicy are encouraged, quality niainuined and enhanced, 
•nd the Most urgent social goals acliieved Education lags behind other 
neJ^s m provndmg help to practitioners in making wise choices among 
competing products, and in spelling out its precise needs. 

until a dc** Jo ago, the '^education industry" was virtually synony- 
mous with textbook publisliing. Then, as substantial new federal 
nines became available for the purchase of newer kinds of equipment 
materials, publishers began, through acquisition or expansion, 
«> t^ranch out mto various areas of instructional technology-. But the 
central fact remains that the school and college budget for equipment 
wd materials is still reJatively smalL 

>^Tiat is called for is a closer scrutiny of the process by which 
maciunes and proCTams have been developed and marketed. Educa- 
wrs have played httlo or no part in developing new products. They 
^je not b^n mformed on a regular basis of recent development! 
aor has industry densed an adequate process for obtaining their 
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ftdnce tad oounaeL len new equipment comes on the market, many 
eduaitore are in the .-rk about the advantages and disadrantagcs o! 
he Taricus options offer-ni and are at the meniy of sales propaganda 
and rhetoric Thui man; purchases made by schools and collcccs ha\'e 
been inappropriate ana ptemature. On tne other hand, educators 
themselves have not always demonstrated a realistic understanding of 
technology^ potential for instruction, nor of industry's problems in 
meeting educat \om 1 needa. 
In generdf thete condit ions obtain todav : , . j 

• jSany technological devices o?Terea to educators are designed 
mainly for uses other than educational; this drawback applies 
particularly to the computer, which needs distinctive features to 
be wholly ada{>table to education (for example, laroer memory 
capacity, greater simpliciQ?, and better display capabilities). 

• Equipment prices are geared to what the commercial market <^an 
bear; there has been no concerted attempt to bring them down to 
levels acceptable to education and the taxpayers who support it 
Most schools and colleges simply cannot afford needed eqiiipment 

• Many institutions lack equipment they need (eg., television, com- 
puters). Some are overstocked with equipment (e.g., movie projec- 
tors, overhead projectors) which is largely umised or seriously 
underused; in maay cases the equipment on hand is fast becoming 
obaolet© and constitutes a serious barrier to the acquisition of new 
improved devices. ^ . j • ■ • j » 

• Instructional material to stoke promismg devices is in.idcquatc; 
new hardware comes to the market years before enough worth* 
while programs are re.idy to meet school and college needs. 

• The quality of most of the software that A<m been dcvelojHju is 
relativelv poor. Tlie problem is insutlicient money and talent for 
the concentrated eflfort required to produce good materials. 

•-Material is often limited to use on a m.ichine of one particular 
make. For example,' one company's videota^^ recorder will not 
take another company's tapes. Until a solution can be found to 
the problem of incompatibility of equipment and programs, the 
effectiveness of instructional technolog>' will be correspondingly 
retarded. ... 

• As indicated eariier in-this report, many technolopic.M aevices are 
too complej^ for teachers to use readily and often. \Viien break- 
downs occur, repairmen are not immediately available. Mainte- 
nance is a serious problem; lack of funds and manjx)wer often 
renders equipment unusable. 

• Field testing of new devices before they come on the market is 
minimal. .Vs a result, educators receive little validnted evidence) 
on which base their purchasing decisions. 

In short, educators at present who do not sulTer f roui l.ick of equip- 
ment often sufier from having too much obsolete or unused equipment, 
or the wrong k-ind of equipment, or equipment with insumcicnt good 
software, or incompatible equipment, or equipment too complex for 
proper maintenance. . , » i * • 

A close new working ^lationship between industry and e< uc.otion 
should be possible if each group actively demonstrates its willingness 
to cooperate, to understand the other's proljlems, and to make neces- 
sary compromises. 



232 



230 



i^or thw essential cooperation of education and industry to bear 
I'^^cfrt*'" chances in attitude and approach are required. 
For instance, inavsfrr/ must be willing— 

• To forego immediate profits, to concentrate on development of 
equipment and matennls for the lonp run, and to abandon the 
belief thht becnuse a product sells well, it is educationally sound, 
(bince the market for educational materials is still relatively 
wnall, sustained development by industry may well require fed* 
era! pump primings) * 

• To develop intensively a limited number of products which have 
proven effective for instructional purposes; and to work toward 
«omng the incompatibility problem. 

• To work with teachers, administrators, and students in the devel- 
opment and redevelopment of materials and equipment. 

iS^tfwca/or*. for their part, must be willing— 

• To define instructional objectives clearly enough so that materials 
and equipment can be produced to meet them, and then to use items 
produced that meet these specifications. 

• To help test new devices and to persevere with innovations until 
they can be properly evaluated* 

• To acquire the necessary understanding of technological innova- 
tions and develop sound methods for measuring their capabilities. 

The Commission believes that a mechanism should be created to 
mitiate and cultivate such a cooperative efl'ort. We therefore recom- 
mend that the Xational Institute of Listructional Technology take the 
lead m establishing an effective group to carry out these o1)jectives. 
One mechanism would be a smalfstrong, high-level national council, 
with representatives from key branches of Siucation and the educa- 
tion industry. In setting up an appropriate and forceful group of this 
order, the MIT should work with orianixations such as the Corpora- 
Uon for Public Broadcasting, the Educational Media Council, the 
iynerK^n Textbook Publishers Institute, the Education Commission 
of the States, the Joint Council on Educational Telecommunications, 
the American Library Association, state departments of education, the 
Mtional Association of Educational Broadcasters, and tlie National 
Audio-Visual Association. Through constant feedback from tlie field 
(teachers, administrators, salesmen, managers), a council of tliis sort 
could keep in touch with new and persistent problems and with the 
most promismg lines of product development. 

An or^nization representing education and industry should devel- 
op and institute improvements in the design, development, mainte- 
nance, and utilization of instructional technology. The functions of 
such a group would include: ' 



equipment. 

(2) Concerted action to meet the specific needs of schools and 
colleges. 



(3) The development of practical metliods to make eouipmcnt 
and materials compatible. 

(4) The establishment of a mechanism— perhaps a clearing- 
house — to provide education's manag:ers with comparative operat- 
es and economic data on technological instruments and systems 
designed for administrative as veil as instructional purposes. 
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(5) Initiating or i2npzx>ving laws and regulations aiTecting 
instructional tecimology (e^,, copyright laws, satellite controls, 
reduced rates for long*distance educational communication). 

(6) Active cooperation with the National Institute of Instruc* 
tional Technology in devising ways of directing federal and pri* 
rato funds toward the production of high-quality instructional 
matenals. 

(7) Exploration of new methods for providing school districts 
with fun& for instructional tedinology, including the possibility 
of laasing or renting equipment, or the purchase of equipment on 
a "pay as-^^ou go" basis. 

^ (8) Acti ve cooperation with educational institut ions, under Na- 
tional Institute of Instructional Technology leadership, in estab* 
lishing practical programs to train and retrain the managers of 
education. 
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APPENDIX 5 



EDUCATION AS AN INFORMATION SYSTEM 
QioiOB KosmuT ^ 

Mr. Chairman, memben of the CommiUae, I am honored to hava 
thia opportunity to appear before you on a aub)eet aa vital to our Na- 
tion as Education for a Chanicing World. Our subject matter can beat 
be exemplified from a mana^;ement point of view by the quotation: 
"For a manager, a lifetime of axpenence ia no )on^ enough.** Nor 
U a "^lifelong learning*^ sufficient without relevant experience. Man- 
agers must have the ability to learn by analogs in a ccmtinuous process 
from formal education to experience and from experience back to 
fonnal education as well as through personal learning interrelated by 
communications within a network ox reality. In this manner, we cui 
viftialite education as a **oontinuous prooeas** invdved with multi- 
faceted information systems that permit tomorrow's managers to stay 
abreast with or even enter into a yaried multi-career. 

Tbere are no higher education institutions for the development of 
managers with multi-careers, or courses for such innovative manage- 
ment* And if one were referring to the kind of management required 
ofer the last third of this century and the first quarter of the 2l8t Cen- 
tury, thw there are very few, it smy, universities con'^med with the 
problems. Yet it Is becoming one of the great socio-economic-cultural 
rsouirements of our day. 

One must, at this point, be personal. In September 11M6. when I 
issumed the deanship of th'^ Graduate School of Business at I'ho Uni- 
nrsity of Texas at Austin, it was my dream to develop an' educational 
program for the American manager of the 2l8t Oentuiy. In the puisuit 
of this goal, I have kept uppermost in mind the explicit caveat of 
Harold Laski: "When the leaders of a people ask their followers to 
die for a dream, tho63 followers have a nght to know in whose behalf 
the dream is being dreamt** 

More spedBcafly, as a Dean and a hopefully dedicated citizen, I 
established for the college the foUowinff guiding objectives: 

In order to become one of the best coUeges of business in the nation, 
at least two very fundamental requirements must ,be met First, the 
O/llege must have its own objectives which are achievable and which 
reflect primarily the needs of lU students while at the same time reoog- 
niting the development needs of ito faculty* its society, as well as gov- 
ernment and industry. Second, the way in which the ooUege initiates its 
objectives will to a large measure det>emiine if it will successfully meet 
them* 

Theobjectiveof the Graduate School of Business is4o train the man- 
agers of the last third of the 20th Centur|£More spedficallv, the college 
must educata the future managers of the technical and intelleotual 
nsourccs of our nati<Hi. This charge is an 'extensive one which cbal- . 
lenges all of the college's ingenuity and rssoaroas. 

2/ U.S. Congress. Bouse. Cotmlttee on Science and Astronautics. 

" Kanageacnt of Infomation and Knowledge. Comnittee Print, 

(9tst Congress, tst session) H70. 130 p. A cospllatlon 
of papers prepared for the meeting of the panel of Science 
and Technology. 
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A quick reflection about the futur^brings the ma^itude of thi^ chal* 
lenge into clearer focus. Managers tor the last third of this century 
must : deal vrith emotional and behaviorai as well as technical changes; 
learn to conrerscin the^appropriate languajee of mathematics; com- 
municate with and manage scientists, engineers, accountants, and 
artists; use sophisticated new tools for effective planning and con- 
trolling strategic and tactical decision making; and! understand and 
implement the social and individual value system of our nation. In 
essence^ the managers of the last third of this century must be rross- 
disci{)linary and jnust *»mbrace new methods and techniques. 

This presentation includes the more relevant experiences, accom- v 
plishments, and researches to date of the faculty, students, and my col- 
leagues at The University of Texas and other institutions with whom 
we have collaborated. I would be remiss not to mention my gratitude ' 
to a great many individuals who have helped shape the-tlioughts and 
ideas reflect^ herein. A complete listing is impossible; however, 
among those at The University of Texas at Austin who have had nii r- 
ticular influence are Professors Eugene Konecci, Floyd Brandt, Abra- 
ham Chames, I^nier Cox, Lawrence Crum, Edward Cundiff, David 
Huff, Gaylord Jentz, Judson NefT, Albert Shapero, C. Aubrey Smith, 
Burnard Sord, Tom Tucker, Ernest Walker, and Glenn Welsch. My 
academic mentors of the past inqluding Professors G. I. Butterbaugh, 
Ed Learned, and Georges Doriofc provided me with the necessary aca- 
demic foundation. My associates in academic and industrial research 
include W. W. Cooper, Herbert A. Simon, C. B. "Tex" Thornton, Roy 
L. Ash, David Learner, and Henry E. Singleton ; they gave me inspira- 
tion to approach in a direct, systematic and pracmatic manner the 
problems under discussion. Equally I am grateful for the assistance 
and close collaboration of Carl Jiueller, Bud Coyle, Faycz Sarofim 
Jim Bayless, and .Vrthur Rock for the insights gained for relevant 
entrepreneurship formations for tomorrow's industrial society. 

Systems .Vn'alysis for Inteor.vtive Higher Education Planning 

Today educators are facing relatively the same question asked by 
Professor George Counts of Teachers College in the 1930s, "Dare the 
Schools Build a Xew Social Order?" Let us pause for a moment to 
review quickly the chnnge in higher education philosophy since the 
IDSO's. It became somewhat clear to educators between li>3iM5 that tlie 
armed forces needed hiffh mental capability as contrasted to physical 
ciipability. This was reinforced in the post-war period. It is clear that 
our military-industrial complex requires increasing levels of intellec- 
tual capabilities as well as an understanding of science and technology. 
The practitioners of the futuristic art have already heralded the need 
for the extension of the«e more technical skills in order for our nation 
to enter tomorfbw's meaningful community of humanity. 

Tlie above causes have, in tarn, had their effect on hicher education. 
Their early manifestations were the stress upon excellence in educa- 
tion through excellent teachers and excellent students. Our uiii\crsi- 
tics directed their changes towanls tougher academic entrance stand- 
ards for their professorial staff as well as for students. They initiated 
and maintained more academic specialization, especially at the gradu- 
ate levels. Qualitatively, the faculties emphasized depth knowledge; 
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quantitatively, the faculties increased the scope and amount of reading 
expected from their students. Research by individual faculty, indi* 
viaualJy selected and sponsored by government or foundation grants, 
prospered until it became relevant to discuss "publish or pcrisli." All 
of these vere the effects of an increased emphasis on excellence as a 
standard for our community of scholars — student body and faculty. 
The accomplis^ent of the sum total of these reforms was that between 
1950-1965 our universities turned out over 4 million graduates, which 
was almost 809© of all college graduates turned out up to 1950. 

The quest for excellence in education between 1945-1959 had some 
neptive side effects. Frank G. Jennings stated tJiese as follows: 

"They hunted out the gifted diild and tried to hoimd him into com- 
])etenoe. They began to rescue physics from the scrawnv hand of New- 
toman mechanics and cradle it in the nucleus of the atonu They 
Vedressed mathematics, in properly regal garments, threw away the 
abacus, and plugged in the computer. They sought good voung minds 
everywhere and -found them most often among tlie well-fed, the well- 
bom, and the fair-skinned." * 

On the other hand, the quest for excellence in education between 
1945-1959 has had, in my opinion, some positive benefits. Tlie first of 
th^ was that it provided for education a goal of leadership in our ' 
society — to lead it, not follow it. This was succinctly stated by Profes- 
sor Sterling M. McMurrin as follows: 

"Our, society is marked hy scientific intelligence, social conscience, 
and an acute historical oonsciousne^; it possesses a remarkable capac- 
ity for invention and clian^. Since for us chan^ge is inevitable, unless 
we move forward with resolution our society is in danger of retrogres- 
sion and our culture in danger of decline. We cannot live simply by the 
conservation and perpetuation of the past; we must be critical and 
creative. 

"The proper function of schools, therefore, is to be the chief agents 
of progress, whether it is the advancement of knowledpre, improvement 
in the arts, techn'ologA-, or the social conscience, in institutional organi- 
zation and administration, or in the attainment of those large visions 
of the future which are the prime movers of history. For the schools, 
colleges, and universities pronde the most effective means for the 
achievement of the intellectual skill, knowledge, understanding, and 
appreciation necessary to thfe analysis, judgment, and decision without 
\vKich there can be no gt luine progress. We depend upon them to stim- 
ulate that freshness of ways, attitudes, and ideas Avhicn alone can bring 
vitality and high achievement to a culture." ' 

So accepted has this objective become since the times of Professor 
Counts* challen^ng sp^ch that when the American Academy of Arte 
and Science Commission on the Year 2000 was meeting, there was geh- 
eral agreen^ent with Dr. Herman Kahn's statement : 

"Let us assume that it does not take much time or effl5rt to worry 
about internal order, international order, national security, or material 
goods. I submit [then] that the main motives for our go'ing to school 
wo-ild then disappear.'* ' 

lOfiT^p^OT^' I>ldn't Stirt With Sputnik." Saturdau Revieu), September 16. 

.o^T^"']^^ ^' McMurrlD. "Whit Ttikt for tbe SchooliT Baturday Review, Jiautrx H. 

» nfrman Kabo "Worklor Setilon I : BaiellDei for tbe Future. October 22-24. ififlS " 
Bkdaood. VirsloU : Amerlun Actdexo/ ArU «od SctcDcei. 1067< p. 674. 
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As we turn to the 1970s, educatoto once again faced with "Dare 
the Schools Bn\\d a Xew Social Order?*' We are aware that a quest" 
for excellence in education as promulgated was at best a short-run 
objective. The advance of technology in our society already demands 
all levels of intellectual talent for building the industrial society" 
emer^ring from the second industrial revolution. The requirements of 
our "nonroutine industries" as contrasted to the ^'mass production 
industries" will require over 60% of our productive population in the 
year 2000, or ft work force ecjual to the 80 million we have today. From 
a philosophical point of view, 'Whitehead reminded us a lone time 
ago that : "in the conditions of modern life the rule is absolute. The race 
which does not value trained intelligence is doomed." Intelligence is 
not measured solely by intelligence quotient. That was well known 
tDthe educator in the 1930s. In today's idiom and in a very pragmatic 
sense^'we can no longer discriminate on the basis of race, color, creed, 
or intelliegnce Quotient In economic terms, our nation has an inelastic 
supply of people to meet their ever-increasing demandSr. In"a philo? 
sonhic sense, education must enable every person to develop to the 
fullest whatever he has in him to become. In short, there is no con- 
flict between what so many think are firmly inflexible or polarized 
needs of our society. 

The transition towards these goals will not be easy; yet in some re- 
spects it will bo much easier than that experienced from 1952-1969. The 
past five vears have seen educators delineate the basic assumptions 
which will become the base upon which the new and enriched stand- 
ards for education of the 1970's will be structured. Challenges to seven 
basic assumptions of the previous generation of educators are being 
evolved : ^ 

In spite of qjl the above awareness and pressures for dianjge, our 
principal problem in higher education is widespread, habitual, institu- 
tiotialized resistance to needed change. My purpose is to discuss some 
new horizons that provide for the acceptance of change. 

The application of sjst^ms concepts to all aspects of higher educa- 
tion is still in its infancy. By the same token there has been minimal 
applicaiion from the field of cybernetics to higher education even as an 
information sj'stem. Systems concepts and the other principles are 
found in all phases of scientific disciplines. Only recxjntly have many of 
our institutions of higher learning become interested in their applica- 
tion to the university itself. This^is only natural, for tlie emphasis 
upon a s\*stems methodology has come from both the sciences thtm- 
selves and the double-barreled major thrust of modem industr}-'s devel- 
opment and recognition of many of our social and economic problems. 
Tiiese» thrusts, which in turn have made possible the explorative system 
methodologies and the creation of principles, techniques, and tools for 
tli^i* partial soktion, have provided the main impetus for considering 
education as an information system. * 

Higher education's apuroach^in the past, and at the present, 1ms been 
to do research in bits ana pieces and to incorporate the results into tiie 
curricuhim on a piecemeal basis. Wien viewed from the application of 
commimication and inforniation principles, such research commingled 
the data and information so tliat it covered the need to identif>- clearly 
the additions from researcli to the current state of the art, the advanceis 
in techniques or in tlie processes of teaching, and the advances in the 
learning process by the student This met nod has three significant 
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drawbacks. First, current instructional methodologies are often inade- 
quate vehicles for the transmission of the product of research. Con- 
ventional teacliing methods in the aree of management decision- 
making, for example, do not lend themselves well to the teaching? of 
the newly de\'eloped techniques of modeling. Such techniques are best 
taught in a curriculum where the conversational use of computer is an 
integral part of the instructional methodology. Second, current modes 
of curriculum change yield curricula that may have ocflrtain outstand- 
ing areas: but, when viewed from the perspective of systems analysis, 
rarely- exhibit a coherent structure and are often plagued by inade- 
quacies and redundancies. Third, tlie time required to transfer the rele- 
vant findings of research to specific areas of knowledfje and/or tech- 
nique with the appropriate method of teaching a specific course is so 
extensiyethat often it is outdated by newer research before it is utilized. 

During the past two years. Dr. Thomas Burke had been Special 
Kesearch Associate at Tile University of Texas at Austin and worked 
on "A Systems Approach to the Planning and Formulation of Tech- 
nology-Augmented Programs for >fanagement Education.** His 
research resulted in the definition of two main needs in order to develop 
new curricula and courses using new technology in its teaching by the 
educator: 

(1) An educational approach for the practicing professor who, 
while perhaps untrained in computer applications for teaching, 
is seriously mterested upgrading his ability to recognize and 

put to work improved practices which exploit the full potential 
of technology- such as that provided by th" computer. ^ 
(2) A curriculum framework or perspective for use bv man- 
agement faculty and/or administration in the identification, 
evaluation, and incorporation of innovative subject matter into 
the curriculum.* 

By now it is clear that systems analysis can be used f(^r the develop- 
ment of integrative curricula. The problem of developing flTective 
carricuia relative to teaching resources, research, data ^atliering, and 
physical resources suggests an enormpus field of inquiry*. However, 
It IS the integration of the forces of curricula change, of restructuring 
our colleges and schools, and of their required resources that is 
mandatory for tomorrow*s society. 

lNN*0V.\TrvE MANACEiTENT U.VDER CRumVE CvPrrALISM 

"When Xeil Annstron^ took tliat giant step for mankind, he opened 
the scene for a better society on planet Earth. Something greater than 
a step on the moon happened on that historic day. On July 20, 1969, 
the curtain rang down on the ^'Fmi Industrial Revolution''^ of the past 
two centuries and the stage was set for the transition towards^an 
^'innovative socio-tcchnotbgical eraJ^ 

The economic and political success of the United' States has been 
in part due to its "traditional 'capitalistic* [and democratic] factors 
as sufficient flexibility to accommodate entrepreneurship and a funda- 
mental belief in the value of individual initiative and free comjxiti- 
tion.** * Capitalism as a philosophy has gone throupli at least several 
pl^.^ses in the United States. Tlie famous business historian. Profe?sor 
Xorman De Gras, had delineated these phases in terms of "linancial 
r-apitaJism'* to cover tlie periotl of U.S. business growth from the 



♦T ^ BurVe "A ST«tpro!i Approach to PlannJnc anrt Forrmilatlnn of TechnoloCr AuC 

^VRoblft^M"r!i.*^^Tiie''Ro?* of tht Biislnf" Like' OrMnltatton to the TVHr^V'\7„.V 
::tabrl()|;e. M«ii HarTtrd UolT^rslty PrW^ 19Ca. p 2. 
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1860s to the 1030s and "national capitalism" to cover the period from 
the 1930s. The first f)eriod relied on private capital first from outside 
the United States and, in later times, to internal United States private 
financial institutions. The shortcomings of "financial capitalism*' led 
to what manv of us in this rogm "lived throiiirh as the "Great 
Depression." Tlie second' period was more of a reliance upon federal 
sources for financing or government ^arantees and extensive use of 
private management. In faott the major concentration of this second 
period has been a dramatic partnership between the fedtral jrovern- 
ment and private enterprise to prevent the "scourge of depressions." 
Tlie successes of this partnership in terms of historical "national 
capitalism" iiave been legendary. They have made our nation eco- 
nomically affluent and thrust our nation into the forcfr.nt of world 
political powi«rs. 

Success at a national level too often, as at a personal level, lays the 
seeds for unforeseen possible problems. Today it is clear thur "national 
capitalism" has been deficient in two respects. The first of these is that 

it has resulted in tlie United States' creating and exhausting from iO% 
to 60% of the total world wealth with only 6% of the total population. 
The sec9nd is that national capitalism has, by its very success, dulled 
ourability to react to the existence— and their timely prevention within 
the nation— of underprivileged classes, urban crises, pollution, crime, 
a rising group of lost youths, an emerging new left, and insufHcient re- 
gard to our more rural areas and their transitional problems into 
tomorrow's industrial society. In short then, the deficiencies of national 
capitalisnri have created the need for what I call "creative capitalism" 
based on innovative private mana^^ent. . 

Today many believe tiiat our^social problems are those of qrime pre- 
vention, pollution, urbanization, poverty, employment of youth, and 
determination of a stalemated peace. Yet in many respects these are 
syniptoms of the unsolved problems that emerged from an aging, ma- 
turing, and declining phase of the First Industrial Revolution. This 
is not to say that' these are not important problems for our present 
society. They are. However, concentration pf a maioritv of our intellec- 
tual resources on these problems to the extent that we ignore those 
based upon the predictable advances of the Second Industrial Revolu- 
tion will permit newer problems to arise as continued crises too often 
wrapped m protest for immediate solution. Such problems of transi- 
tion were succinctly stated in an editorial of the Ecoiumiist: 

"WTiat has happened in France this month ought to nag at the 
minds of people who are concenied at the way the world's industrial 
Societies are developinff. The crisis in France has raised expectations in 
countries which, thougli they are rich by the world's standards, are not 
rich enough to match the rocketing demands of their people. It has 
also raised the problem of completing the transition from an oligarchic 
society to a democratic one in a world uhere efficiency demands that 
life be organized in large units. These are problems for both com- 
munists and democrats." « 

To this ma\ be added a statement from an editorial which appeared 
in the June 12, IOCS, issue of the Austin American-Statesman: 

"Our professions, our schools, our fiscal and financial institutions, 
a^nd all our agencies of government face a double crisis. Tho demands 
upon them are increasing in scale and changing; in (}uality at the .same 
time. Only the overhaul and redesign of the institutions themselves 
can give them a fighting chance to keep pace with the human needs 
they are trying to meet." ' 



• Tht Econotnttt, iSnt 2S-31. 1068. p 8 « 
» D*rid S Broder. "Tht Keed for lOKtltuilooal Chaote/* Amtrtccn'Btatuman^ J'joe 12. 
1068, p. 4. 
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TechnologT, science, and formal education are not enough, in my 
opinion, to solve these fundamentjil needs. The impact of continued 
automation is familiar to all of us. They range from the concern of 
the human use of the individual to the concern of the continued eco- 
nomic growth of pur 500 largest corporations. Mass production two 
decades ago made it possible to cr%atc as the high-income earners the 
self employed: professional, small businessman, and farmer. Today 
automated mass production has changed the mix of this group to 
salaried executives, scientists, engineers, and otiier professionals. 

In short, vre are witnessing a relative decline of mass production 
requirement tasks for employment The routine requirements of the 

past two-thirds of this century are rapidly being replaced by machines. 
To date much of our educational system has been geared to educate 
and develop people for an industrial society which can be generalized 
as "routinized*' or mass productive. 

The task that the last third of the 20th Century industrial state 
imposes on our educational system is the increasing development of 
people for nonroutine tasks under "creative capitalism." Particularly 
smce World War II we have seen the rise in what we could call the 
technological industry, which is concerned with "nonroutinized" kinds 
of problems and demands that require a new order of solution. These 
problems are concerned with space exploitation, buildings of megalop- 
olis, control of environment, water and air pollution, marine sciences, 
crime, transportation, and environmental heallh. 

As stated earlier, these areas provide the bases for an expanding non- 
routine industry of the next decade or two. On the other hand, the in- 
novative management is aware that the problems of the Second Indus- 
trial or Socio-Economic-Cultural Revolution also provide opportuni- 
ties. Cybernetics as a science has yH to delineate clearly and specify 
these opportunities. What are som^of these yet unexposed problems 
thatonly man can identify as problems? 

(1) What will be the 21st Century industries in the United States? 
How will their development be financed? What will be their markets? 

(2) Leisure as an industry is not only in its infancy but is not yet 
clearly delineated. During the transition to the 21st Century, there 
will be four types to satisfy the following groups : first, t ho unemployed 
(waiting between jobs) ; second, the low-salaricd employees working 
short hours; third, the higher-s.ilaried groups working*short hours; 
and fourth, the professionals (including: statesmen) working long 
hours and who will have limited leisure in sporadic bursts. 

(3) When will a black cease being a black? 

(4) How do you redistribute the wealth under "creative capi- 



(5) How do yOu allocate the abundant resources— short run, long 
run? 

(6) How will new forms of organizations change the institutions 
to fit the social and individual needs ? 

We have witnessed the advent of technology to newer industries 
such as nuclear energy, aerospace, and petrochemical and, thereby, 
have witnessed emerging industries for nonroutine activities. These 
nonroutine industries have given employment to more people at all 
levels of our society at a faster rate than possible in the mass-production 
industries. The nonroutine economic activities are characterized as 
follows : 
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1. They are technically based, and their products have a relatively 
high proportion of technical and professional labor in the final product. 

2. There is a continuous shift of the high technical content within 
the activity from the final product to its tooling or processing. 

3. The number of final units is not Inrper ; in fact, it can range from 
"one of a kind'' to what would be generally recognized as a "short pro- 
duction" run. 

4. The problems and processes involved cm be typified as "messy." 
That is, there are no sincrle clear-cut solutions including scientific and 
engineenng principles. Often, so-to-speak solutions must be "ihvented" 
on the spoC 

5. The nonroutine activities thereby utilize br^re quantities of ir.teh 
lectual capacities; e.g., people rungin? from semi-trained teclmicians 
and 'aborersto note4 scientists— socialas well as physical. 

6. The management of these ifonroutine activities often requires the 
full coordination of government, universities,'and industry. However 
it is generally recognized that industry has a major role to play in the 
economic exploitation of these technological advances. 

7. Finally, the ability and capacity of our management of these 
technological and intellectual resources will determine to a large meas- 
ure whether our nation will continue to increase its advantages in the 
nonroutine activities. Tlie reason is that some technologies are mor^ 
currently available and enjoy a higher probability of success over 
others; in addition, each has its own costs associated with it in terms 
of research and development, tooling, product costs, distribution and 
marketing, service and maintenance, as well as its social costs of re- 
training, dislocation, and expansion of our urban and rural areas. 

There are, however, two underlying requirements to all these "non- 
routine" pursuits. First, they demand large quanta of technical and in- 
tellectual resources such as individual scientists— social and physical—- 
engineers, and other profe^ionals and service personnel and tech- 
nicians as aides to the professionals. Second, they require relevant and 
up-to-date infonpation necessary f /r the solution of the nonroutine 
problems. Of course, the key requirement is managers with the ability 
to identify and formulate tHe prbblerrs for soiution. 

Any approach we may make for meeting the tasks required for the 
nonrepetitive problems brings sharp changes in the economic, social, 
and political environment .<:»»rroundmg the conduct and management 
of these resources. There are good reasons for this. Our s^dety does 
realize that our intellectual resources are in short supply. Furthermore, 
the scarcity of intellectual i-esources is not only recognized by industry 
and government but theri is an awareness that their supply is rela- 
tively in^jlastic 

In sho»t, technological change has set up a self -amplifying system in 
its demands for intellechial resources. Technology generates new fvd- 
yancements which, in turn, genera^* still grftater need for sophisticated 
intelligence and action. The task for manag-nnent education is not 
merely to select the gifted or excellent st'.ident for training bui to de- 
velop on a broad front all levels of skills tc neet the requireintnts of 
society in developing people for all their roles in a society which are 
essential for the full cultivation of ea^h individuals talents and 
nbilities. 

An easy way to summarize the employment needs .f our ocietv ^n 
the last third of the century is shown on Table 1. (Pleast -^'^te *>»':t T.he 
data herein are, at best, estimates.) 
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The problem for today's education is to develop innovative manage- 
ment that can tJike inJolligent action to solve tho cumulative conse- 
quences of continuir.g r:\pid technolofjical change, economic growth, 
urbanization, and continuing deescalation of n:ral areas in a way that 
provides for a renewed democratic society in a context of "creative 
capitalism.'' ^Vnother way of saving this is 'o repeat the late President 
John F. Kennedy's call in his inaugural address to confront the "un- 
finished business of our generation." Xo rhetoric alone can solve these 
problenis. Nor may it be possible for any one of our 19th Century 
institutions to solve these problems alone. The 1950s and 1060s saw 
the growth of a new complex that was instrumental in $olving many 
of our defense, space, and nuclear energy national problems; namely, 
the Federal poveniment, university, and private enterprise complexes. 
Their potential problems were clearly stated by the lato President 
D. Eisenhower in liis farewell address. The lOTOs and 1980s could well 
see the rise of a broader set of complexes which would include not 
only the Federal i?ovemment but also local government entities; not 
only imiversities but also graduate centers; not only private enter- 
prises OS represented in the urban liome ofRces and plants but also in 
their local plants found in the rural areas supplemented by emerging 
new firms that utJize the local resources relative to the economic 
utilization of advanced technolo^. In many respects, "creative cap- 
italism^^ can well be institutionalized on these more broader-based 
complexes. 

CS^ative capitalism must advance our society beyond the need for 
imperialism or exploitation of people. Creative capitalism's success 
depends on its creation of wealth in a manner that truly establishes 
the community of humanity as the goal of our society. Wealth pro- 
duced under creative capitalism must be distrib^.ted in a manner 
which makes it possible to increase the standard of living of all the 
people in the world. The new institutions or complexes upon which 
creative capitalism is based will'make it possible to solve in a timely 
basis our social problems simultaneously while creating wealth and 
providing for meaningful leisure for all people in the world. Educa- 
tion for creative capi|^i<?m thereby provides a challenge as well as an 
unprecedented opportiinity for innovative management of all public 
and private institutions. Thereby education contributes and receives 
from experience a contmuous process of developing: a socio-economic- 
cultural society while developing the required knowledge of infonna- 
tion for transmission to the cominc generation. 

Knowledge and information for development of innovative man- 
njrement under "cr**ative capitalism'* does not exist. In this respect, 
education today resembles a research and development organization 
which is geareS for change. Professor Albert Shapero described the 
problem as follows: ( 
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are crowding us now- and that, can only increase in importance in the 
future." • 

opportunity and needs for education for a changing 
world. The body of knowledge for transmission lies somewhat in our 
current materials in basic research of the past and present and in 
other governmental and industrial institutions although not published 
or partially publislicd. The education needs are to develop principles 
of relevances to ijJentifj- and extend sucli information. Teaching while 
developing an integrated body of relevant knowledge is a requirement 
for which education has no past experiences to fall back on. Simple 
sohitions stich as new techniques of multi-media, computer simulation, 
computer tin^e sharing, and of computer augmentation while advances 
ami often nc»-ossar>- are at best tools that can be used once the body oi 
relevant knowledge is identified. For in the parlance of the computer 
profession, "garbage in, garbage out'* More apropos are the remarks 
of the famous philosopher Alfred North \Vhitehead, "that the role 
ofprogress is such that individual human being of ordinar>- length of 
life will bo called upon to face novel situations which find no parallel 
in his past. The fixed person, for the fixed duties who in older societies 
was such a godsend in the future, will be a public danger." 

The development of the concept of innovative management identifi- 
cation and transmission of data is an example of education in a chang. 
ing world. Several ye»^ ^ ago, I spent endless hours searching through 
literature for concepts in this field to little avail. Computerization 
would have helped to reduce the search time but only in the sense that 
It would have identified a large number of possible books and articles. 
However my personal acquaintance with H. Igor Ansoff, Dean of 
the Graduate Scliool of Business at Vanderbilt, quickly reduced the 
search time, as he has devoted a lifetime to the academic ajid practical 
aspects of innovative management. Ho quickly identified a u-orkable 
st^t^^ that he was developing at the time. More specifically, he 

^^Entrepreneurial Planning. — In this advanced stage, the firm sets 
corporate objectives, examines its strengths and weMcn esses, probes 
deeply for external threats and opportunities, and — combining all of 
these—makes a systematic evaluation of its prospcts. Any proi>osals 
for cliaf.gc undergo intensive search and analysis, culminating in an 
action decision, which t^en enters the flow pattern established in 
earlier stages of planning. Entrepreneurial Planning represents a 
major commitment of the firm's resources and top management time 
and can altogether alter the organization and atmosphere of the 
company. 
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Further, since the essence of advanced planning is organized ent re- 
preneurship, the planner's job can be viewed as helping to pronde the 
finn— through marshaling its fuU; resource*— witli the nine types of 
talent that mark the entrepreneurial genius." • ' , • . , 

Trying to abstract infonnation on entrepreneurslnp and pnnciplee 
fwm^t state of knowledge is*a difficult task. WhWe entrcprcneurship 

has held fascination for the individual in terms of the American dream 
of being "in business for one*s self," it has also been an area for research 
and st»id^ for over 150 years by economists and social historians. Yet 
there is little research work published and an extreme ^city of theory 
of entrepreneurship as it pertains to company formations and growth. 

In view of a changing society, it is important that we review the 
concept of entrepreneurship particularly as it relates to nontechnical 
company fonnation and to technical company formation. The conten* 
tion of tliis presentation has been that not only are their requirements 
entirely different but also the trend toward nonroutine industrv 
requires changes in business entrepreneurship as well as changes in all 
institutions inchidin^^ education that nurture and supplement them. 
The entrepreneurs wno' liave been interested in nonroutine ventures 
have characteristics anu "^eeds far different than those who are inter- 
ested in ventures that are k ore concerned with technological products 
or services. 

It is possible for the profCi.jor to develop knowledge together with 
the stuaent* In the cabe of entrepreneurship, Dr. Susbauer devoted 
his effort with a faculty committee to explore the teclmical company 
formation process.** His doctoral dissertation is an outstanding review 
of tlie liteniture and clearly discloses the lack of knowled*:© of com- 
pany formations in both nontechnical and technical companies. Thera 
Jiasbcen little cohesive research in looking for the prol)lems and thereby 
distilling the principles for entrepreneurship. His t^iesis sliowed tluit 
specific data could be gathered and maintained on teclmical com]>any 
formations in the city of Austin, Texas. However, unless subsemiently 
interested doctoral candidates write their theses in this area, tlie knowl- 
edge so gained will cease as of 1967. 



At this point we can look more closely at the major dilemmas facing 
education. The first of these ansee from the fact that our educational 
administrators are tnily managers of our society's intellectual 
resources. These intellectual resourcesconsist of the students who are in 
inelastic supply and the teachers who will be in scarcer supply because 
of the increasing future demands by industry and government 

There arc today 50 million students in school and they represent 90% 
of our school -age population. In the next decade there will be 11 mil- 
lion cliildren who cannot read or write; 7 million will not complete 
high school; and 2 million will drop out before thev reach high school. 
In this next decade 30 rnilhoa boys and girls will be looking for jobs. 
Our dilemma is that our educational administrators have to establi^i 
the basis for educating t!ie students for an industrial society which is 
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rapidly chtnging. The v do not have the time to aniljze the new require- 
ments or establish an inte^rrated curriculum as the students progress 
from elementary school through higher education. Therefore there are 
re<iuired the means and process for collaboration between the systems 
of higher and secondary education, between leading scholars and 
teachers, and between craduate departments and undergraduate 
ueoartments and the establishment of comparable standards ot ichieve;^ 
ment of students. Finally, channels must be kept open to transfer the 
flow of technical information and innovation to the students from 
industry and government. 

M managers of our education's intellectual resources, we face the 
predicament of shortages of teachers. Already we have seen that higher 
educaUon at the undergraduate level cannot be sUffed by full-time 
tenure staff. Teaching assistants and associates are utilized by most* if 
not all, universities— public and private. In the secondary scliools we 
W using assisUnts to teachers for less skilled portions of teaching or 
for giving individual pupils attention. There is a profusion of experi> 
mcnis in team-teaching to utilize scarce teaching resources, in the use 
of teaching machines and electronic blackboard, and in educational 
television. There are yet to be adequately developed measures of 
teaching effec;iveness for the last thiW of this century. 

It IS appropriate at this time to examine in some detail the use of the 
computers m education, more specifically business education. It is 
indeed a shock to realize that the impressive multimillion dollar 
computational facilities are often as not used to solve the fame 
problems as were assigned undtfr pap»r and pencil teaching days. Such 
usages of the computer more often than wc like teach the students that 
they cannot accurately punch a deck of 100 cu.ds after t. half-dozen 
attempt^ More surprising is that the problems assigned to the com- 
puter often can be solved by the students on today's modem electronic 
calculators in less than % quarter of the time spent in the modem 
computer labs modeling, programming, punching cards, detucirinff, 
and evaluating the quality of tSe results. 

Since becoming Dean ^f the Graduate School of Business, at The 
University of Texas at iustin, I have discovered two concepts which 
are applicable to computer designers as well as to educators. The 
first IS that both are eq jally reluctant to use the principles or techniques 
whicli they develop. V or example, computer designers, as a class, do not 
like to use computers to design new computers. I^or do educators gen- 
erallv apply the principles of management they teach to their own 
problems. T^he second is that both professions are reluctant to predict 
the future. Computer desigTiers and educators feel that they do not 
want to be put in the position to do long-range predictions for thev 
may be held to it 

In industry one quickly learns that a manager has no excuse not to 
try to oredict the future. In fact, the reward system is such that it at- 
taches heavy penalities for errors or omissions; conversely, the rewards 
for partial success are also high. One cannot start to build a major 
new company within a five-to-ten-year ;eriod in the United Stages 
witJiout trying to predict the future. Indeed, one cannot enter into thj 
electronic computer industry' by extending a current operation or be- 
gmnmg a new enterprise without trying to predict the future. The con- 
sequences are evident from following the financial fortunes of G.E. 
computers, Control Data, and Scientific Data Systems, among others. 
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n5le\Txnt is a prooer function of the schools of bubiness. In other words, 
I believe th*t the schools of business if tJiey are to provide leadership 
for our business communities must undertake to fulfill these tasks of 
evolving the future managers for business, including computerized 
management 

Many tools, techniques, nractices as well as experiences exist to help 
us forecast the ^i^^^^6 trenas and opportunities in the use of c^anputers 
in business and business education. To make the longer term forecasts 
of trenda in this paper, I have used the information system available 
to me as f. manager and dean. TUw is no available digital computer, 
heuristic program, or cognitive processor machine to do the strategic 
planning reqnire<l for such a talk today. On the other hand, I have 
used the results of my industrial computer applications as 2, base for 
extrapolations when they are applicable to either uses of today's com- 
puters or needs indicated for de\'elopment of .advanced mathematical- 
and nonmathematncal techniques, computer devices, as well as research 
in the better understanding of man-machine system in developing the 
top manaiijement of the future. ■ • 1 

The role of computers in the future, in my opinion, is the result 
of applying current advances in research rather than depending 
upon startling, unpredictable bn^ikthroughs. Bv ertension of the 
current state of knowledge and current research efforts in the fields or 
(1) servo-mechanical control and computation and (2) manap»meiit 
sciences or operations research for management plannin<r and control, 
it is possible to make a number of useful predictions in the use of 
computers in b\i«nn^ and thereby in education. . 

A useful starting point to establish the basis from which predictions 
will be made is found in examining trends of the past tv^o decades. 
Twentv vears ago the United States had entered the postwar period 
of the'niid-MOs.^The techniques and electronic devices used for pur- 
poses of war were being studied for peace-time applications. It wns 
found that servo-mechanisms formerly used to direct anti-aircraft 
ffuns could bo used for industrial controls— material handling, posi- 
tioning of machin*^ tools, and semiautomatic process sequencing. A 
newcomer :it that time on the scene, the digital computer could provide 
a means to mechanize complex manipulative and control problems as- 
sociated with automation. 

Bv lOGO it t."Tied out that it was not enough to merely recognize 
that" elements of industry could be broken into the parts of a closed 
loop control svstem. such as structural units, sensor units, communi- 
cation units, actuator units, and visual displays. It became .apparent 
that anv organic svstem, of which industry is one t>*pe« operated by 
virtue o'f sonKthinir other than just simple feedback. Organic systems 
had to be e.xaminwl in terms of the reasons for the functioninjr of the 
svstem. Wnlo these principles were set forth by Xor]>crt Wiener in 
1048. It took a number of militnr\* and nonmilitar>* svsteins .applica- 
tions Ui outline the practical problems of implementation. 




Orj^mc systems are characterized as manifesting in the broadest 
^€nse a form of mtelli^j^nce. As such, their basic buildinp blocks are 
peoijle, machines and their respective interfaces. How these elements 
nre mterrelated has been a continuous effort of studv on the part of 
those workin^r on complex systems projects. Most recently attention 
has turned to thyroblem of considerin^r the interrelations between 

multiple weapon ^sterns which must function in close coordination 
TJlf.^tVi- ^^^ problem is not one of optimizing any one 
ptem but designing sets of weapon systems which adequately a^ure 
our nationa defense posture. In tlieir fundameiitel x^pects^lfee 
1^ • ^^^'^ ^ managerial problems of giving order 

and signihcance to those found in some conglomerate industri« or in 
laroernational and international corporations. 

The modem research in the areas of Manajrement Sciences and Op. 
erations Research also dates from the post-World War II period, rfy 
U60 practical applications of early research were being ma^e in both 
dl! ic*!^!! area^ However, the advanced research of to* 

^^^^ fj^ • {^^^ on industrial applications and is being 

conducted principalfy in a few of the countr>>s leading univereities! 

The need to understar^ the role of the'manager in organic .svstems 

^Zlt^S,''^ ^'"P??"^' ^ ^^^""^ advanced research in Jlan- 

agemwit bcience& Accomplishments to date have been sicnificant! Ad- 
dl'j^n''"T^''^'''i ^^hniques which are applicable to management 
decision.making rely on the aid of digital computer. Afanaiement 
ftciences with the Uid of computers have solved such problems as lo- 
cation of warehouses or plants, scheduling production and inventories, 
selecting stocks and bonds for investment portfolios, detcnniiiing the 
be^ advertising media for a product, estimating acceptance of new 
products pnor to their distribution, and finally, monitorintr and con- 
trolling o|>erations of a complex and continuous production svstem.^ 
Kecent thmking indicates that the r'*^-emeal application of Minace- 
mentbciences to separate aspects of industrial problems is not enough. 

une of the major thrusts for looking at organic wholes came from 
the application of computers to the development of integrated total 
management information systems. Other current research indicates 
that even more is required in terms of looking at the problem as an or- 
iranic whole. By development of computerized total information sys- 
rems» tne interfaces bet>veen hiunaji decision-matting with machines, 
market requirements, technical confidence in new product development 
and their successful introduction for a worid market became evident, 
in addition, concepts and methods need to he developed that will en- 
able the procedures to Ixj formed for the establishment of over-all com- 
pany policy goals and subgoals. Advanced techniques of an analytical 
nature are required before it is possible to minimize the usual (irpo- 
rate drives uhicli operate through tecimiques of compromise, conflict, 
and occa.sional corjwration. 

-Tliere is work going on in the research laboraton* for new method- 
olof.'v on f.ie conceptual le^ei and on computer mo<^els as ^veil as var- 
ious display devices. This is one of the reasons whv schools of business 
can plav such an important role in the development of computer appli- 
cations in business There is need for stating requirements of toj) inan- 
a«rement so that thev can be executed in meaningful de\ ices that meet 
the ne\il)le needs of executives. 
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Kesearch as to how to prcseht meaningful manapement action reports 
is required. One cannot help but speculate that some of the action 
reports should be given directly to other machines by the computers 
while others come to management attention. To" the best of my knowl- 
edge, there is still no truly cross-disciplinary research ^up for dis- 
play of information to top management Schools of business, colleges 
of engineering, psychology departments, and mathematical depart- 
ments can help to do basic reeearch in this area. In fact, such cross- 
disciplinary exchange is a requirement if colleges of business are to 
extend their training of management for the future through com- 
puters. However time sharing for faculty member research isone thing, 
out time sharing for class purposes is another. 

In the future such ijses of the computer will be more commonplace 
in all business and education^ The key point is that top management 
must participate in the total planning of any major projects. They 
cannot wait for the various functions to brine each of their various 
alternatives and then try to relate each of tnese to select a major 
alternative for coordinating their companies. Model builders cannot 
build models without working with top management. Otherwise, they 
will build models that satisfy them. They will be elegant models, but 
they mav not be sohitions anywhere near what top mana<»ement re- 
quires. Today management must learn to crawl in the skin of the model 
builder and the model builder in the skin of the manager. The com- 
puter is one tool which facilitates this process. In the future when 
our schools of business have trained the top manacement of the future, 
special staff modelers will cease to be required. Just as oi^rations re» 
search groups have begun to be replaced by either becominfr ^rts of 
the functional group or by taking over operational responsibility, so 
too will the computer moielers of the future. 

The role of the leading business schools is to prepare this new breed 
of top managers so that they understand and Imve the know-how 
to build these computerized models. Our nation is currently in the 
midst of a management gap as well as an educational gap. Industry, 
especially the technically based, has developed manajjers only through 
limited experience. Their numbers are still too small to be effective in 
e.xtending our nation's industrial leadership or continuing the rate of 
growth our companies require. The schoojs of business are lagging 
behind industry in this respect. They have yet to have on their facul- 
ties scientists, engineers, life scientists, etc., that are found in fair-sized 
projects in the technically based indiLstries. While it is tnie there is 
much talk and excitement on our campuses about cross- disciplinary 
education in the future, there is little being done. Even when there is 
such cross-disciplinary education, such as at Te^as, we have found 
that the computer is a bottleneck. A central computer facility for 
teaching and research becomes quickly over.scheduled, and delays e.x. 
tend for days if not weeks. Waiting for computer runs is not conducive 
to such crc«s-disciplinary research and teaching. We at Texas are in 
the process of establishing fw separate computer facility for this class 
of research and teaching as we s<art a research project for an inte- 
grative curriculum to teach starting in 1975. 
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\^.uf^^u'^^ terminal boards in Austin. After two davs of train- 
ing the faculty members, one of our current accounting classes used it 
to evaluate he cost procedures use<i and their method of estim^ion 
rn n^P^??" ".•f^P-'''^"'^"^ ^^^^ critical path profrram- 

X^;. quantitative controls department used it for the teach^ of 
- '^^^IT-^';"'^ projrramming. Our e.^ecutive development pro- 
Sn^^ 1 planning. Our College of eU- 

neerinjr included it in their engineering executive pro-am. Quite 

Snl'a7J!][f^' *!}^ classroom, use of computer for management 
traming, as most academ:cians recognize, is in its infancy, 
for • industries and educators of management 

for these industries, however, cannot continue to wait for Sred 
breakthroughs or new curricula, Eet me explain why I l^lie^ l^th 
S^n^'L?^ *o ^ computersUex^nd th^^^^ 

K-rr^^?u^^^^^"^ ^ °" expanding theVr con^T 

nfo™^^on^ the use of computer to processlarge amounts 
^^r^^nf ? strategic and tactical decision making. The ^ 

^^'^^ ^^"^ the rate of tech- 
o^Trlvon^'^V^"'^ ^^'^"^ explosion of data. As our technS- 
k^wlpl^lp T^^'^ exponentially, so does our body of 

^owledpe. The university professors are not the onlv ones who fiave 
been publishing books and articles. Members of inaustry and rrov 
emment have also publislied profusely. Technical reports published 
by ^ ASA alone number over 100,000 a year. 

J^aT 5^'*^^ explosion to the amount of reading one 

fT^f K ki^kIS ''^^^^ to keep current with technology 

through published works. In 1900 the weekfy stack of published mate- 
rial wou d be five feet high, one foot wide, and one foot long. In 1960, 
Mie weekly stack of published materials would be five feet higli, one foot 
wide and sixty feet long. Predictions have shown that by the year 
a~tyTA "^^'^^ feet high, fifteen feet Jide. 

rr.slilfi?"''-'^"^ trend Of computer application to bibliographical search 
microfilming microfilm cards, pnnt reading, linguistics and library 
sciences does help narrow the transference of technical data eap. Even 
under the most optimistic of claims it does little more than reduce 
tne average search time for managers of technical industries, or their 
^tls, or the educators of management of technology from one hour a 
day to perhaps 15 mmutes a day. Evaluation of stuiies made by KSF 
and Case Institute on what professional people do with their time 
discloses that the resultant savings of 45 minutes can be used to in- 
crease the normal four hours of reading and three hours of work for 
a normal eight hour day. Microfilms of any sort, of computerized re- 
tneyal systems dp little to reduce the reading time. A-bstracts either in 
small or large pnnt do not solve the managers' problems of extracting 
the required mformation for decision making or the educators' prob- 
lems of extracting the required information for decision making or 
the educators' problems of teaching, individual researcli, or determin- 
mg required research for graduate students. 
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The diffusion, of technology by computers will be an ext^aision of , 
present day data banks and retrieval systems. The use cf computers for 
diffusion of technology will be a step-by-step development Transfers' 
S ^^^^i information will first be done by getting people together 
from different disciplines and. professions to mutually discuss their 
needs and thereby transmit their research and de\'elopment results. In 
other words, it will at first be a "mood"=operation rather than a "com- 
puter mode" operation, and computers will maintain cognizance of each 
individuar&area of interest in research and developfnent in biomedi- 
cine, nuclear energy, defense^, space chemistry, etc. Cross-indexing of 
technical interests at detail levels Is not a difficult task. A next step 
could be that where information is extracted in an orderly fashion by 

technically trained personnel and filed in computers that are accessibla 
to research and development experts, top management, as well as lo 
educators through time shared computers. Anotner step would be to 
establish orderly informational svstems for selected areas of tech- 
noloj^y so that there are acceptable iiierarchies of information files that 
minimize extraction, communication and filing time. \ 

At this point, it is appropriate to review the second dilemma faced 
by education. Xamely, now do we come to f^c^ps with the economic and 
technological considerations in educating ^r the full development of 
the abihties of each individual? How do we evolve the education of 
individuals for both the mass production, repetitive industries and the 
technological, nonroutine problem industries? How do we bring the 
i-esources of the school into full effective use so that each student s capa- 
bilities are fully utilized? 

One thing is clear: American parents and indinduals will not let 
us say we cannot or we do not know how. We must organize research 
programs for increasing our teaching effectiveness. Teaching machines 
and other material technologies are only one means of doing this. 
Evolving social, systems of pcrmittincr ^adi student to develop at his 
own capacity may require provision of a large number of decentralized 
microfilm libranes. It may even change our methods of grading. The 
requirements are clear. Policies are fairly easy to enumerate. The imi3le- 
mentation is not beyond our abilities, nor must the future of education 
be projected from present lines of development. In many respects, a 
simple extrapolation of t^^day's developments would lead to agony. On 
the other hand, the future must be imagined; and therein lies the 
ecstasy. 
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APPENDIX 6 _l/ 

RffiTitirrg thx BipitAL or TftCBiiocooT a^io EoucAnoK 

(By P. KeLuetb Komoakl, Pntideiit, Eple Inttltiite. New York, N.Y.) 

I am spcakinf to you out of t deep concern over the ways In which technologj 
and education are related in the world today. ThU relationship may best be dc^ 
scribed as a dynamic interaction^between two extremely potent forces. The ques- 
tion wtUch concerns me most is bow each of these powerful forces Is currently 
ahapinc the other and, in so doinf , is shaping Jthe evolving world. This is an 
enormously hroad question of profound importance^ Xevertbeless, I shall attempt 
to cast some light upon It in this brief presentation. 

My first theme U that there |8 an urgent need to fully realise (in the sense of 
comprehend) the extent to which technology and education {ire related in the 
modem world. My second th*me is that this relatedn#^ exists at a very deep con- 
ceptual level and its practical everyday social and educational implications htcc 
hardly begun to be realized <in the sense of being made real). Needless to saj. 
these practical implications are both positive and negatlve-^but more importantlj, 
they are also unlimited. At present, there is great difficulty in realizing (both in 
the sense of comprehending and making real) the implications of this relatednesi 
because of our severely limited conceptualizations of technology and education. 
These limited conceptualizations have resulted in the widespread failure of educa- 
tional policy makers, practitioners, and the public at large, to grasp the trulj 
radical implications of the rclatedness of technology and education. I shall focnt 
first on oar present limited concept of technology. < 

The most common and most limited of the current conceptualizations of tecb- 
. nology is one which equates technology solely with macjiines. The defining attn- 
hutes of this machine-centered conceptualization are efllciency and economv 
achieved through repetitive, standardized activities organized for the purpose of 
producing a standard, widely applicable result or product. When a person ubo 
adheres to this limited, concept relates technology to education, be views it ai a 
means o^ achieving a set of standard educational objectives via standardlxed 
techniques of instruction. 

A second somewhat less limited conceptualization of technology is one in which 
technology is viewed as man's means of manipulating the elements of his mate 
rial environment for the purpose of producing specific, consciously coocelrrd 
results. When a person with this concept in mind views the relationship of tech- 
nology and education, be sees little more than the iise of various devices, such 
as film projectors, television, or the manipulation of various environmental 
ments such as walls, lighting and acoustics in order to achieve a set of educa- 
tional results. V 

One reason why these conceptualizations of technology are uncomfortably limit- . 
ing is their failure to take into account technologies that are neither machine 
centered nor concerned solely with the umnipulation'Trf material elements of thf 
environment Tliat is. they fail to make room tgr the newly emerging biological 
and behavioral technologies. But even if we enlarge the concept, of technology to 
make room for these emerging technologies, we would (fn\j 4>e engaging in J 
process of redefinition by addition. Whereas, what is urgently needed (if ueare 
ever to comprehend modem technology and its relationship to modern educations 
is to undertake a fresh approach to the definition of technology built upon that 
which is mo$t ba$ic to all extant technologies— whether they be mechanical, elec^ ^ 
tro-mecbanlcal, electronic, biological or behavior&l. What we should be stririo; 
for is. in fact, a radical redefinition of technology based on the most essential aod 
common elements of all extant technologies. 

Almost ten years ago. Walter Ong, n noted Jesuit scholar in the United States, 
suggested rather cryptically, that at its most fundamental and essential lerei 
"Technology has to do with the ordering of the possessions of the mind." This tan- 
talizing insight into the essence of technology takes ns a long way toward tbr 
basic nnderstanding of technology that is lacking In the world today. 

A second also cryptic, but somewhat more ^)ecific insight, which reinforce* 
Father Ong's more general observation, is one by the author of The Meaning of 
, lleaninffM, L A. Richards, who luis commented that, "A book is a machine to 

think with." 

If the hihiiophile resists thinking of a book as a machine and the scholar rt- 
Jects the thought that the work of ordering ^nd categorizing knowledge is In the 
same sense a technological act, then I hope that both may at least grant that 
tho$e thinQ$ that arc commonly called machincisuch as the lever, the auto- 
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Y Congress, 2nd session. Held Apr. 23, 28, 30, 1970. Washington, 
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oa|41«. tbe computer — m«y btv^^Udly de*eH^i e» huntan tkouffht and inowtedffe 
' pkcff tQmffible If one does not simple' frant. bat is slso wlllluc to rrflect tipoo 
Jiff validity of t bitMdrr tnitb hinted at bj Rlcbards and more direcUy sucsetted 
:t t-tot- becomrs clearly apparent TLe first step In this realization is to gnsp tbe 
i.irj that, eren thou^b «ben bugt. a machine is an orderly arrangement of mate- 
n.«l dfments actirated by tbe applicarion of enersy. before it could be bollt tbe 
s;jtlUBe bad to bare uken the form of a well*ordered set of tboogbta in tbe mind 
it> lorentor. 

,^ If tbis is so. tben a book with iu ordered set of poses, iu ordered tables of 
r«4>(t-nts and indei. mar, indeed* be tbou^bt of a« a siteclal type of macblne. or. 
i& Rifbards* n^ords, "a machine to tbink irltb". And if one can see tbe truth of 
hards' Insight, then be may alao be(1n to appreciate tbe ralldlty of On^s 
fwrrpmi obaerratlon that lu its mo«t basic tense, **Tecbnolo£y has to do with 
the onlerlnf of the posaessioos of the mind". Once we trasp and accept the idea 
ttai itiMcn thougkt'-ntker than itkystrat mailer— is the true rw matertaJ of 
it^'bnolocy, ire are now in a position to grasp :^d explore wlut I bare called 
ia the title of this paper, 'the radical relatedness of technolou and' education". 

TbU relatedness is rooted, first and xorrmost. in tbe fact that both tecbnoIosT 
•sd education are uniquely human actJrities. (This is not to say other animals 
• rv io<apable of manipulatlnf thirlr enrlronments or leamlnc to adapt t^ a 
r^BSinc enrlronment— it is just tlut the bunuin animal is so much more 
tar-sMe.) Technology, it icOMtd $eem, u fke sum total of thae activities xrhick. 
m /*<• QygrrQtttt. enable man to carry ovt (Jfno$t any tniagtnablc manipulation 
* cr modification of kit eztemal (material) or internal (behavioral) envtron- 
tit^tf Education is, of necessity, clo^ly related to tei linoloiy in that It is made 
Of of those acttTitles tbroueb which men are al'Ie to transmit to one another 
kct^wledjce of how to manaice and adapt to the cliaoces within (hese environ* 
iu.-Qtf Of course, education should and mv9t do more than this, but to the extent 
t!,.,: it Is concerned with tbe!>e task^ of environmental management and adapts* 
II..D both the content and proces:»es of education must Inevitably relate to tech- 
b.4o£t. This Is particularly true as man's envlronDient becomes IncreAsingly 
t.-, hiiological In short, tbe relationship of technolncv and tnlucation i^ today, so 
tbat in many parts of tiie world educational institutions are in the process 
becoming little more than band maidens of a demansSIng, world-wide tv«b' 
>>>{(jcical master This is readily understandable In a world In which technology 
krvi<5 creating so much for us to know and .>ur educational systems are so caught 
•1- In the usic of transmitting this tecbnologicallvgfnerated knowledge, (bai tl»ey 
trr faiilng. among other things, to teach us that technology itself is a bamatf- 
sm*-raied force These educational systems also fail to take into account that 
wbUe both tecbnolcgr and educaion are, indeed, buman generated. neither of 
them, today, are primarily buman<eutered activlUes. Rather, they both tend to 
cfDier on the development of tbemselres as systems. 

To the extent that Uiis tendency grows, we are succeeding in creating a tlosed 
trcbnological-^ducational system. A system which is ali too capable of measuring 
Hi success in terms of how well it functions not as a means to larger buman 
fOrt*. but In term* of the system as an end m uself. Let me give a concrete bis- 
t rual example of what I mean by tbl« general and abstract statement 

during the early years of tbe Industrial revoluiion la Great Hriiain and tbe 
Inited States, there was a great drive to educate large numbers of the popuia- 
noa at least to the basic level of proficiency in the fundamentals of r«>ading, 
▼rltlng and computation, and to provide them while still young with what nas 
tlen called "moral Instru*»tion". In order to facilitate tJie trsn m-slon of the 
learning contained In their curriculum, special buildings i\ere built cupable of 
ontalning tbe large numbers of learners who were to be Instructed by a much 
smaller number of teachers. A system of Instruction was developed nblch cou'd 
l-f uirfd t.y the teachers to instruct the learners In an orderly fashion Tbe system 
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was conducted In ffroapa. Ir.dlTldutl »tudent9 were cbJe to more from f roup to 
(roup ba^ed on their prore'j master}* of the curriculum. 

Oradoallj Id tb*^ systems, this primary objective slowly became « secondary 
consideration. Tl»e mala consideration U^me the malnteoance and growth of 
the system it;elf. Ad excellent m^sure of tlUs Is the fact that as tlie^e svsteru 
grew. iQdlTiduai students were le«s and less frequently allowed to more ahetd 
of their sroup eren thousb they mar have mastered that portion of (he cur 
ricuium An even inv«ter measure of this is the fact that students T\ho had 
not mastered a particular level of the lurrlcuium would be indis«rlain.ii(rl5 
moved ahead ivltb the group to nblcli they had. been assifmed It Is ditBcuIt 
to find any mass-instructional system de\etoIied duriu;: the lUtb Cvnturj which 
did not lose stsht of it* orlcinal human centered coocerD for the eradication ot 
Icnorance. and whlcb did not make tbe concern for the continuation and trowth 
of its own existence its primary goal We have here the classic case of a tech- 
noli^ical undertaVlng which v\as designed with the best of possible humaa 
motivations unconsciously transmuted into a mindless ordering of lives by « 
mindless and eventually unproductive sy&tem. One may be tempted to uy that 
this devolution of idth Century msss instructional systems from tbeir initial 
bumjn-centered concerns to their eventual^if-centered macbinistlc concerns b 
simply the nature of any bureaucratlc-Uke orKanlcation. 

In fact. If I read Jacques Ellul** The Technological Soctcty correctly, 1 beliete 
b0 is maintsining that this type of devolution is an inevitability wbecexer mea 
organise their activities on any scale However, I think it T^ould be too ^.id to 
oncritlcally accept ElluTs unqualifled pe:>.»imlsm when It comes to the que»iii-« 
of Inevitability in technology. Therefore, let us adopt for the moment the p<Murv 
of qualified optimists and take a crltf(*al yet more constructive look at tb* loter- 
action of tecbnol<^ and education. / suggest that this look tkould be 
at broad a tcale a* potublr^fr^m the begmningt of mait tn$trucUon, matt pn> 
duction technique) to the present. If technoloijy hat to do tuth the ordering «/ 
the po$se9»ion3 of men'* mtnd». then I matntatn that tuch a ttceeptnff look mykt 
tuggttt to iu that for two eentnnet technology, xttelf, hat, in J aft ^ been a (ngcn- 
ti c teaching machine! 

Were we to accept this ln*lgbt, we might conclude that given tbe growth of 
the factory system, with lis ma.^-s production and assembly line technique-', with 
Its rouiinized u^ of human bein;:s. that it i.iupbi educators more powerfully tbj 3 
any educational theorist could have— those tbing^ needed to be learned 6r lU 
o^emben of an adolescent induct nal socSety Tbe fact that 19th Centurv j<bo..j 
ing tbrougbout the indu&iriallzed world was a highly roudnized, IndlTiJtul 
constraining experience. Is not something that can be considered a^t ba^in;devfl- 
oi;)ed independently of tbe industrial modHs that were so close at band 

Whether tbis Is a more likely explanation of tbe character of lOib Ceotiiry 
schooling than tbe theory tbni any large scale bureaucracv T\ill ine\ltal>Iv ulo 
on tbefie characteristics is difficult to prove However, it may become a mootpvic: 
if we lo at more recent developments of tbe interaction of technology aaJ 
educati'':' 

But before T\e do thU. let me restate tbe case for the "teaching machine'* Tft» 
of lOtb Century industrial technology as forcefully as 1 can If viewed 3«a 
glcantlc teaching machine, tbe le^v)n taught by the 10th Century Industrial tKi 
nology s«^ms to have been that tbe human being was not so much valuableiaatJ 
of bimoelf as he was a component within and a willing conMtmer of the rr>u:> 
uf 2ndu*^rial pro<luction Ait a reMilt, thts view of the Indlrlduni was iain.ll>-«!r 
subtly and effvctlvelv proem me<l into both the formal and informal edufin"nu 
9y<items uf th( day Too often tbe goal of this technologically dominated nJu>^ 
tloTsal message l>eciime uncon^ous .icceptance of the Idea that the nnnipnhn ; 
of man's naturai resources*, via technological means, was a lotallv de^lMblea::! 
ur.qne^tionable vxrial ani economic good In time, the pervasive, i>er'M-j»f 
teatbing machine of technology began »o order the po«ye*'«ions of men's nirJ* 
n% to accept and expect that they. too. rrould, and indeed. sLould be so waoif'- 
lateii Thus, a major le:>:ju>n taught by 10th Century iDdti^trial tecbnolo^ n^* 
that if the indlvldnai vvante«t the bent-^t^ of modern Ibdu^-tnah^m in ihvi 'z 
of material well-b«>ins:. he would unwittingly allow bis mind and behavlcrto'' 
ordered In ways computable with tbe trchnotoglcal ordt^ring thiti b.i«l a.i'' 
indu«triall*m work- In ".hort. if the Individual whhed to bt-ncrit materhlK U - 
niwit-m indu'.trial technology, he ba<l no choice but to g«•a^ Ids life to the bj- 
produitlon masv instruction sy&tem on which the ll>tb Century tfcbnifl'>?v uj* 
ba*e(J 




Tod«y In iM itcond bilf of the 20tb Ontury, we may otwerre, ptrllcularly Id 
^ more iDdQMrUUy adr«ac«d couotries. lncr«aslD( Dombent of Ittdlridutla 
«bo fe«! that tbere are altematlret an liable to tbem other tbaiv tbe ccarloc of 
Ukrlr iixf to what U»«7 contlder an outmoded »y»tem of production tod iostruc- 
toe Gncted tbat eTea darioc tbe depths of iDdlrldual-degradtoc Dickensian 
iTpr of inid'19ui Ceotarr Industrialism, there were indirldaals wbo "opted out" 
«f tbe syftem, for iDdlrldoality alwaya manaiM to ^mert lt«elf ihrouch the spirit 
tt a few persooaUties. But tbe sppeanii^ of tocrenaDaiy larger o umber* of auch 
adiriduala Is a unique mld-20tb Century pbeuomenon. Tbe question of why and 
ioK Ibis {^enomenon ha* «*ome about U beinc asked and answered by many 
different peopie In niauy different waya. Let us here attempt lo answer it from 
-ite -ucbnoloey'ss-^eachlorinachine'* point of tlew. We bare already established 
ttet as one looks beyood tbe essential, mind-orderfns characterisUc of ttcbndlogj, 
ibe less e«»et}Uai tttrihutet v\ hich help to defln.; it for us at a particular point in 
ame do. In fact, change orer a period of time. This being tbe case. 11 is Impoitant 
for us to return to tbe exumlnatioD uf tbe changes that bare occurred v\itbin the 
^rfloiug attribotea of techniriosy during this century. 

We hare preTloa>ly noted tbat since the beginning of tbe century tbe attribute 
*f brbarioral modUScatioo or manipulation has been added to snd has extended 
tbe d^nitioo of tecbnoloicy beyond ita earlier, more rf strict ed, msterial-bsxcd 
Umlts. We bare also di«corered that thla extension is, through a process of 
iiBplicstioni destroying tbe even earlier, eren more restrictire definition of tecb* 
aolon" only In terms of machines However. I would suggefft tbat from the sttind* 
iviui of education in geuertl. and in particular from the riewpolnt of technology 
ss a worId>\«ide teacbine machine, tbere bare been eren more important changes 
smnoe tbe attributes which define technology io tbe third quarter of the 20th 
Century. 

Tbe most slguiflcaut amoug these new defining attributes was tbe appearance 
Mrlier Iq this century of wliat I shall cail "optionizatlbn" and "Immediacy." 
*Oii(ioolxatlo&'* made Its aptiearance as o new attribute of technology initially 
aoionc a few iodu^trles in the V & at the beginning of the second quarter of tbe 
trtnb Century Tbe "attribute of immediacy" entered the scene somewbnt later. 
>oQte of tbe etrUest and mo:Ft dramntlc examples of the emeii;ence of optlonUa* 
non c:ime in tbe aulomotire industry in tbe form of a sbllt by auto producers 
s&d auto buyers away from th(< production and popularity of cars, like Henr.r 
Fords famous— and highly standardised— Model T automobile, (which at- Ford 
pot It Tbe customer could hare in any colour "as long as it's black'") toward 
tbe production and purcha<e of automobiles nith broader and broader options, 
ran^ng from varieties anil an array of performance features to tbe choice of 
stm».t any colour imaginable. "Immediacy" was Introduced most dram.ittcally 
tbro*<;h the development and UMf of niedia of communications that make Infor* 
mtlou tmnicdtatcltf arailable to the individual— 4 f hit option, 

Todar during tbe third quarter of tbe 20tl. 'Century, "opt Ionization" and 
"imrowllacr" bare beconif increasiusly central to ibe changing concept of tecb- 
ao\»t\ Within tlie «or]tl more bichly tnduitr tallied countries both optionixa> 
tion' and "immediacy" bare i>erTaded almost every area of consumer gootU and 
trmces. No longer does a Kingle standardised product, whether it be shoes. 
(•rr3k.fsst cereals, or automobiles KatUfy consumer demands. N'or are services 
»och as educatioi>?or communication considered satisfactory unless there are a 
simtflcsnt numt«r of arailable alteraatires. and unless these are a\*tiilab]e 
uHMcdictely. Parallel to this 20lh Century shift from ttcndcr^ixation to option' 
\:*iit>n is tbe somewhat less obvious but potentially more important shift from 
■n unquestioned \>iliinCQ«<(S to a determined unntlllneness on tt»e part of tbe 
tailtridu^iU to Cear their lives to the trnditional industrial and Mlticnilonal 
MStfm« The most imirartant fact al>out this shift—which iu tbe I'nited States 
t« currentir and mott nffni/fcantttf referred to as "opting out" — is that jt i\ in 
fart not a future but an itnuicdiatc grasptne of an optional life style for 
Urcf nun>l>ers of yoonc |)eoi»le, The isecond Important fact is that this option 
•nd tbe inimedlacv of lis a\-jilabllity e\i^ts totcit/ b^aiue of the hiKhlv prodtic* 
tire icrel to niilch indu'trial tKhnuIo;:v has risen dtirinC this coiiturv 

Without having achieve<l this level of productivity and the concoiuirant Ifvel 
of aitlQfnre It has generated, no s>)b<>tan*ial nnniber of i>ei>ple in A<vletv (ould 
"«»j>t out" and manage to have themsehes or vocietv sur\ive Tiie siffulflc.ince In 
tb^ <ian{; exprwion optlne out' l« the unconK-ious recnmiti«>n that it i" the 
vnrLines of modern tKhti4>]o;:\ itM'If which is tt-aihin;? that it i« rtMli^tifnllv 
l^rt^i^ile fn'Ot an e<onoiuic htant)i>oinl as nt'll often de«>inilile tntiu a \u\Tflf 
bomao standpoint to 'opt out" of tbe present svstem 



Th« sUnt mlDdlCM. ancoDadoiuly procruoMl teachlof iiucfato«> of modtn 
tfcbnolocr tuts b*tn qnl«tij and SBconarfousIy at work— tncb log tbf jounc. 
It bets tMcblac th«m tbat U is po«8tbI« to atep ooulde the worldot wori4 
of our mort adrmnced techncrfoictcal •orlctr and osAsac^ toJlve Wfti enoofb 
An th« aoatertal e^jVwmcr which aarrooods tb« tecbooloflcal maloarrrtm. tW 
EimUAa, or uoqullflcd p*Mlml«t'a ritw ot tbla atttutlon mlfbt w«U coododt 
thai wbftt tbcM jonng pfopte are laetlubly opting /©r la a partaltlc «zlttf dc« «t 
tbf r-xTfw of tbe tocletj'a more mponslble tfCbDoloflcallj eosaivd mfmbenk 
'iiKt* of coorae. tb«re la alwaja tbt chance that tbla dlaxnoaU la correct. 

Bat let «a. for a mocneDt loafer, maintain our aaaumed poctart of qnallflat 
optlmUta and look for poaalble alxna of other, more potltlre oolcomea. In fkct 
let na co one atep farther In our role-pUTlnf and aaanma tba pottnr* of an 
**opt-oot''. 

Voo art now the member of that small bat rrowlnf froop who have taket 
the InitlallTe and taken for rAem«civr« the priie that the Techoocrata and tbt 
Mnrxl»ta have lonr Implied thej would wlo for the common man^-tbe 
hrixe of belof aupported by a man-made, but technoloflcaUr manaffed araiem of 

prodoctlon. 

But yoK haTe not walled for the tevboocrattc aute to award you thia priaa. 
Ton bare frasped' It— ahead of schedule, na It were— and are confronted wiU 
the nnettlon of what jon will do^ now that 70a hftva It. I aucfevt that there Is a 
chance that yon will rot befin to lire In a parasitic, apathetic war~^t tbeit 
is a chnnce that for the first tlm? In your life yon will begin to realize bo« 
much waste la tolerated, accepted, eren exl*cted In a tedwologlcally pennetted 
world. You find that yon have time to think about thlwto reflect ou it, 
eren to actlrely respond to the wute and to the aodal iocQolty implicit In that 
wnste. In short, there is a cbance that aa an "opt-oat" yon and your fellow 
"oiH-oiilsT* nill come to riew younelvea aa actirely ]:«rfonDiu2 the function of 
a s.i'ial conscience for those members of society who are sMU so directly iorolrid 
in mnlhtaiDing the ay*tem that they caonot. or dare not, aec Its ft nits. 

Tliere la also the chance that Id performinf thia role as an ocflre social coo* 
5cirnre. yon may find yoorself reflect! of on two facta of your new life: 

1 1) Tbat It la, la fact, modem techooloficsl society, that makes yoar Utt 
poMiibie aod, 

(2) Tbat yoa are one of the first few who bare maoseed to learn tbe 
niafor lesson being taught by the big teaching macbiDe— that it Is poMibie to 
iJMlntaIn a socially rtlerant. human -centered existence In the midst of a 
trchnrloffictl sodetT by persusslTely demanding that the traditional tecbao" 
logical system be adapted to senre the bnman and material needs of att 
members of sodetv. 
If Tou reflect npon tbete two ficta, and wish to act. yoa will then be fsred 
with rhe practical task of forcintt the present tecbn^centfred rratem of edjci' 
tion to derelop more human-centered tecbniqoet. If yoa don't bee w actireir 
Inrolred In thia social and tecbnotoglcml reTolntlon. yoa and yoar fellow "opt- 
on ts ' may no longer bare the option of keeping the prlie yon have cratiwd. 
What then can yon aa an "opt-oat" hope to do that la Itkelv to keep tbi» tr^na 
haitp^nins? What can yon do to protect the Itfe which technology made it pn<>lb> 
for roil to chooae. bat which a self-nggrandising technological system thmrmi 
tu take from yoa? Let me glre yoa some cuncrete examples' of what k it 
fnct. hffng done today in some communities In the U.S. by some sm^ll jrroapi of 
soclaliv inTolred learners and teachers. 

In MlltrauWee. Wisconsin, atudenta from both raunidpal and private scb^J 
have "opted out" of tbia traditional educiitlon and formed their own scbooL 
TheT hire their teachera. and are icoepted into the best colleges. 

In .N'ew Vork City, n school M'bich whs formed three years axo to help chiMrra 
who h.nre been rejected by pul>IIc education Is this year, being orenibelo"! 
oy applications from students who are performing well in the traditional 
tem l»it who feel that the nyatem does not proTlde them with the tTPe <<f leira* 
iDg 0|»tioRa they desire. By a teaching-learning process which nres tniib^r^ 
lunoT.ittre teaching materiala. and cooperating profexalonala from tbe r<*o-'' 
miinity. students in thia school are able to study in a i-ompleteiy indirMiiallx^i 
lT«i.*ram «hlle actonlly i^orking nlth practicing professionals. The stii(ient< ia 
thi« <w4>hool a re paid for the work tbes do 

I'l Philadelphia PenasylrRnia, the traditional school f^Tittem has der^*>^ 
» «.in»Hiir letirnme proernm as an experimental ' counter'system" of e<liir-«n"a 
This program, ubich has l>een bixLly auccet^nfaU amounts to a plnnn«d rt^'-io- 
UoD tbat may rodicaily change existing educational practice and thought. 
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«f Mttt U jolnr la In tJMae rvToloUoairj sltoaUoos: Tbe point i& that .tudMLt. 

•i^oo b«t br«D pfomptrd bj the fact tUat. «i» Uew- op.«iot. thS n-eri^ot 

ic«tk>D of whtt U soinc on her* U > corudou. «bUt fnxm the threat of the 

M eophjisU on the .UmuUUnc thruit of -omoniiaUoD- wUhiu an e'oh^lnr 
muao odcol .cciety. PutUng «U thU In .pother ,lmpler w«y : Educ«to« view 

'::;ru^.%t!>^tT"''' ^-^^^ •^^<^ thi)^';:Soioj 

a^r^^rj^e^bJS^pr* ,0. a. eductor bridge thU pezteptuaJ. 

.J^,**'!?* ^V^."*** do U to becowe fullj aware of the radical nature of 
ibe relatloiiahlp Uetme«J ledmolocr .dJ educttJou, By thb 1 u^md tSat tou 
«iwt cow to r* n» «t how fundaxawtal a level the human generated fo«^ 
foS'^^i^r'^'^r'^^M*" *^ InextricaWy U.tertnlt.^'^^br.SStemiSyS^ 
!f Jiu f ^^^^^ ^S"^ «»° «o ni«k* other, awari 

l^.j:?iS'i^"i"-?»?^*'>,*^ °' tnith that, at 

^^i^lSarcitnl^S^'^'^"' -^'^ 
SbJii they be ordered In ,uch a way •:$ to become the prtdcct^ of a mass- 
"°^-^'«"<^«<» »y«*ni. or d,nll they be or<ler& by "J altenSrtle 

£,t,J{o«. K» *o f"""* knowledge he ntcdt to 

fonrtioD a» a human beins In a technoloclcal world 

«i »^»''»^»««« of such an objecllre. which :^ notbin;: le» tbnn the redlrw 
5lMe.^';j5"?I"*nJ'','*7''"' tecbnolodcal/eoucatlonal sr^emfto thls^SiT^ 
friiterrd endjls unlikely to occur flren the present mindless pursnlt of other 
»r«i*m<entere<l eudu that perrade the world todir H^»r»r i# .iT: II of 
r^«HW implicit in modera74bnoloyS^nTSL4^oS^^^^^ 
0/ Proridlni indltlduaU with the means of b«Srcrnic^«n^wJrrof^hi 
Tl^Tu h;.i.'',??H buman^ntered lire. w1thlnTt«hnoIo^i7.^.e.^! 

l^ZJ^y ?^ ."v*''^ lomebow odd or inc*stDon*-In that it reiu 

tu^^^u^MT^^^^V^ ^ '^^i"*'"* ^""^ '° "^'^ technol<iy-w" 

ffost renlli* that. In a most profound wnac. this hope U the ssme that e*ch of 

?^*J*** °' hi. mind to examine and with i?; 
oira worklnf. and product.. My hope. then, is that it it .till possible to a^at* 
bumnn^ntered tecbnoloficaliy.aided educational .y.tems And I ,St tbirhow 
™ni/.i'fi"i'I prictitioners, pollcy.makeri .nrthe iineil 

n^'lf to realize the profundi^ imports'nt implication, for a I human" 
I?n«!lon" relatidness of techno W and 

TwTlliriJj"7h«"' *° ^ PO*"*'* implications of thi. 

JTrhl^rh^.n^. Mrf."^'* °' necessity be cy.tems which centered on deTelopine 
within the indiTldoal an awareness of-«nd the competence and confidence to deal 

^" rast array of learainc oPtion. from books and other medu. 
d*iw^. A t^f «ttJdent« »onld nse techooloclcal 

of^STX^li^JS material, to acgntre a br«d range 

of knowledjre The role of the teacher is no longer that of a human corVmv««^lnF 
JiTJ.V'^"^ 'f'^"'*' ^* machinery of^mi^'p?^u?^"'*i^^c«Sr?XJ 
twcher*. role now becomes more humaa. That Is. it twmestbe Vc^J 
oU^er human being, achieve the wisdom required to p^fTi and inowW«^ 
work in maintaining a human^ntered way of lift «na Mowied^ to 

mALt'.^'I'* baaan-centered system would be the central concern of 

SraSr^r fl»?*/K °' competition amotyr the teaTbiSTa^d 

^^1^ M » ?^ ,^^1 tf stem., and the ideoloiriea that have come to cbarr^ 
J^mf,^ teobnolojricil world Furtberaore. it w^nld show bim rbVj^aT ti'i^ 
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fri!2i I* !?^!f*^ te«f blof will In fact, be taosht and can. in fact, w 
ItuntC hj theto. ThU mniu mt all losiructloDil syitemi. materUI*. and muId- 
m«nl most be accompcnled by eTldencv tluil would justify • learner'. inreJment 
or time and effort In leamlnr from a partlculur opUon. Secondly, there needs to 

Information so that teachers, studenu. parents and community croop, and MUar- 
maker* win deariy understand tbe ediicatlotial optlona that are tTcllable >mI 
M H materUU. lylnj for the leareer'a attention. IS 

meet dJ« teamlnf oeedx. —»»»•* 

5^^' attempt* to ctvtt* such ayatems ar* currently underway 

on a T<iy amaU acmle In tba Unlted,Statta and other Wghly Industrial lied cooa. 
ill?!' SSli."*!* ^ ^J&f' »"^^ attempU need be rwtrlcled to lechnolotl' 

fflrJi^*?*^'**^*^ countrtea. Tbe opportunity to create bumaD-centered edoa- 
Uooal tyitema may io fact be fretter la let* InduatrialUed countriet, where tbt 
ma*ilUutnj««on/m««« production mentality baa not so d«eply perraded tbe fabric 
^53^ ^f'l^l ' ^'^^ with the Inerltahlf 

2S2Xif*mi^T 1^ Jf/^*?*"*- »° traditional attribute* of a 

ftlh«^!!2L?*****^^r'^'**°' "'••••P'^^^^^^o educational technology. Bat Io 
So^t2r.i^inT^^l^H J"^'***'°f.^P"^?^""^°- tjadlUonal concept of tfch- 
Dolotlcal effldency l»-Uke erery other ralue~oow being opened to critical eiiml- 
nation and rejaluatton. I .ubmit that the place to start .uS criUca! ""w^iMtSn 
I.J?h^ i'"**?^? ^' attributes of technolosy-lncludinc familiar attribute* 
J^ioM J^JJJ^^l!?- '^i "^."^ •taudardli.Mloft aa ivell a* newer attribute* of 
u . ' f enterprise to which technolofj 1* oo>t 

radically related. That radically reUted enterprise Is education. 
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1. <J)(Cajor "Themes and 
^J)(Cargtnal Observations 

1 Higher education (and education generally) now faces the first 
great technological revolution in five centuries in the potential 
impact of i new dectronics. 

2 New technology has already transformed (a) research techniques 
in many fields and (h) administrative methods on many campuses. 
It is now (c) affecting large libraries and id) is entering into the 
instructional process. Our estimates of the current status and po- 
tential utilization of information technology in higher education 
are shown in Figure 1. The new technology may provide the 
single greatest opportunity for academic change on and off campus. 

3 The experience thus far with the new technology (applied to in- 
struction), hcwever, as compared with the hopes of its early sup- 
porters, indicates that it is (a) coming along more slowly, (h) costing 
more money, and (c) adding to rather than replacing older ap- 
proaches—as the teacher once added to what the family could offer, 
as writing then added to oral instruction, as the book later added 
to the handwritten manuscript. 

4 Nevertheless, by the year 2000 it now appears that a significant 
proportion of instruction in higher education on campus may be 
carried on through informational technology— perhaps in a range 
of 10 to 20 percent. It certainly will penetrat* much further than 
this into off-campus instruction at lev*ls beyond the secondary 
school-in fact it may become dominant there at a level of 80 per- 
cent or more. 

Better than ever before, it can bring education to the sick, the 
handicapped, the aged, the prisoners, the members of the armed 
forces, persot^ in remote areas, and to many adults who could at- 

1 
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tend classes on campus but who will find instruction at home more 
convenient. It can create new uses for leisure time, can facilitate 
job-to-job movement through new training, and can improve com- 
munity participation by imparting greater skill and knowledge to 
citirens. Informational technology is already heavily used in the 
armed forces and in in-plant traLiing in industry. It is more widely 
used now in primary and secondary schools than in on-campus 
higher education and will continue ( -» be used more tho% levels 
in the future. The new technology will also tend to draw instruc- 
tion from the historical requirements-met-through-teaching ap- 
proach to a resources-available-foi-leaming approach; and ihis can 
be a fundamental change. 

For students, the expanding technology has two major advantages: 
properly app^ed, it increases the opportunities for independent 
study, and it provides students with a richer variety of courses and 
methods of instructton. Students can choose, for example, between 
a lecture and a computer program, thus introducing compctitioa 
bctweci: the two techniques and potentially raising the quality of 
instruction in both. Or they can choose total immersion in one 
subject at a time. They have more options. Much of the new tech- 
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nology, addition^y, is infinitely tolerant and infinitely pat'*nt 
toward the slow learner. It also does not act in loco parentis toward 
anybody. We will note in a forthcoming report (Reform on Campus) 
that two complaints of students are the inadequate variety of 
courses available to them and the lack of quality in some class- 
room instruction. The expanding technology can speak to both of 
these complaints. It can alto help supply answers to the two great 
aspects of Vhumanization" of higher education (1) by making 
access easier and (2) by paying more attention to the specific needs 
of individual students. Students, in order to make ^ood use of the 
new instructional methods at the college level, must be given vevf 
learning skills beginning at least in high school. 

For faculty members, the newtcchnology can lessen routine 
instrxictional respons^||l^ties in the more elementary work in 
languages, mathemati^, the sciences, accounting, and other fields. 
It may, however; reduce the need for both teaching assis^tiitts and 
for additional new faculty members at a time when requirements 
for them are lessening for other reasons. We do not expect, how- 
ever, that it will lead to 'the replacement of any present faculty 
members. It does mean that faculty members of the future will 
need more training in the new instructional techniques. We believe 
that the Doctor of Arts degree we have recommended earlier is 
particularly adapted to the new situation. Faculty members will, 
of necessity, need to adjust to the new division of labor. Historically 
they have been all-around journeymen with helpers (TAs), and now 
they will be working with technicians as well. The academic man- 
ning table becomes more complex as it has already become in so ^ 
many other fields, as for example, in the health professions. Within 
campus-bound higher education, the techniques of informational 
technology may well influence instructional methods by making 
them more carefully thought out even if none of the new technology 
is used in a particular course. Most or even all instruction will 
become more analytical in its approach, mo^'e conscious about its 
methods. / 

For financing authorities, the new informationaUechnology will 
eventually reduce instructional costs below levels possible using 
conventional methods alone, but, in the short run, it will only 
increase costs. It will be financially prudent to concentrate early 
investment? in areas with the greatest capability for wide use: 
(a) libraries, (h) adult education, (c) primary and secondary educa- 
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tion, and (d) introductory courses in higher education where basic 
skills are involved, like mathematics and language. 

6 Some implications of the new informational technology are: 

• Off-campus instruction of adults may become both the most rapidly ex- 
panding and the most rapidly changing segment of postsecondary educa- 
tion, ^ . ^ 

• Fewer students may study on campus, and more may elect to pursue their 
studies off campus and get credit by examination. This will reduce enroll- 
ments below the levels they otherwise would reach. 

• Students in small colleges will have more access to a greater variety of 
courses and greater library resources. The big campus will have fewer 
advantages on these scores. 

• , The library, if it becomes the center for the storage and retrieval of knowl- 
edge in whatever form, will become a more dominant feature of the campus. 
New libraries should be planned with the potential impact of technology 
in miiid. 

• New buildings should be built with adequate electronic components. They 
should also be planned for 24'hour use. 

• Some new colleges and universities may be constructed with a central 
core area and with satellite campuses scattered around within commuting 
distance. The core area will provide access to knowledge; the satellite cam* 
puses will provide a greater sense of community because of their smaller 
size. 

• New configurations will take place to the extent that students are dis- 
persed as consumers and as some faculty members and many technicians 
are concentrated as producers. 

• New professions of multimedia technologists are being bom. 

• Students wdl need to be more familiar with the use of certain technologies 
-particularly the computer— as they begin their college training. 

' Prospective high school teachers and prospective college and imiversity 
teachers will need to be trained in the use of the new technologies for in- 
struction. Many of these prospective teachers who are in college now will 
still be teaching in the year 2000 when the new technology will be in genera! 
^ in educational institutions. 

' Universities and colleges will be able to tradeoff m their overall budget 
makmg between funds for construction of buildings for on-campus instruc- 
tion and operating costs of off -campus instruction. 



Major themes and marginal observations S 



• Les* remedial instruction will be necessary on campus. Students will come 
to college better prepared or will receive their remedial instruction in off- 
campua courses or through independent learning assisted by the i;cw 
technology. « » . 

Good systems for informing and advising students will become more 
esscutiai and more complex as additional options arc made available and 
as more insmictional opportunities are located off campus. 
^ Many more and Better tests will bt required to evaluate the progress of 
students who learn through the new forms of instructional technology. 

• Some of the informational technology, thus far. seems better at training 
skills than at general education. The better it is at training skills, the more 
general education may suffer as a result-particularly if students move off 
campus and content themselves with skill training. But instructional tech- 

- nology, represented by such media as television and film, can also con- 
tribute to general education and to the teaching of concepts. 

• Some equivalent of the university press, or an expanded university press, 
may eventually be necessary to produce videocassettes and other instruc; 
tional software that can be used with the new technology. 

Copyright laws wall need to be reviewed by Congress to adapt them to the 
new carriers of information. 

7 The new technology will have a centralizing effect: 

(a) On campus there will need to be some agency (whether it is tl)e library 
or some other facility) that will provide equipment and materials, assist in 
the preparation pf programs, and aid in the presentation of programs. 
^ (b) Among campuses, there will be a need for cooperation on a regional 
or even national basis. We propose the establishment of at least seven 
regionally organized cooperative learning-technology centers not only for 
research and development activities, but also for production and distribu- 
tion of instructional programs designed for use with {{^ expanded media. 
Such centers will also serve as badly needed information sources for par- 
ticipating members who need to know what instructional materials are 
available, and which technologies are best applied to speafic instructional 
problems. Partiapating institutions should be regarded as members of such 
centers and should have a voice in their policies. Such centers will need 
to have a full measure of academic freedom and autonomy, for theii -uro- 
grams will be more widely influential than many textbooks; and textbooks, 
on occasion, have become sensitive subjects. Because we lack experience 
in the operation of such centers, we recommend that'they be created, at 
least initially, on a staggered basis -one every three years until all are 
completed. 
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8 There are important roles for governments, industry, and certain 
nonprofit organizations to play in providing financial support, 
developing distribution systems, and designing anjd perfecting 
instructional software. We believe that no single segment of society 
should totally domir^t': the development of instructional materials 
in higher education and that Colleges and universities should take 
initiative in such activities along with other instrumentalities. 

An alternative approach to development of instructional mate- 
rials on campus and in regional centers and by industry is to set up 
instructional programs dependent upon the expanded technologies ■ 
In a separate, competitive natioxial system (as in Japan). sys- 
tem of this kind might make rapid progress with considerable 
economy. We prefer, however, that the new instructional technol- 
ogies be developed in a somewhat more diversified setting in which 
faculty members also have an opportunity to exercise strong influ- 
ence. Instruction developed that way will be more readily accepted 
in the academic community and will be less subject to political 
intrusion. Weprefer a competitive approach with instrumentalities 
of higher education involved in the competition. 

9 The specific new technologies, among the many available, which 
' hold out the great e'st prospects in the longer run are: 

• Cable TV 

• Videocasscttes * 

• Computer-assisted instruction ^ 

• Learning kits to be used with audiovisual independent study units 

Industry wJl have the major responsibility for developing and 
manufacturing the "hardware." Great attention ^needs to be paid 
to making instructional components' for these media more compati- 
ble among the models of several producers than they now are— as 
has happened previously with record players and TV sets. 

10 The federal government will need to provide not only the bulk of 
the research and developnrent funds, as it has in the past, but also 
funds for distribution of effective instructional programs that use 
the expanded technology. We believe that the new technology war- 
rants a minimal expenditure of about $100 million for well-targeted 
support in 1973, including funds for cooperative learning-technol- 
ogy Winters. We recommend that annual federal expenditures for 
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research, development, and utiUzation of the new media should in- 
crease from the $100 taUUon proposed for 1973 until they reach a 
sum equal to 1 percent of total national expenditures on higher 
education. We consider this a wise long-term investment. 

1 1 Higher education sKould cautiously welcb^he new informational 
technology, not resist it. We see no need for academic Luddites. 
But. on the other hand. **program or perish" should not replace 
"publish or perish." 

12 Constant evaluation of the results among alternative approaches 
and of total costs and total consequences will be essential. For 
cxample.^students learn from each other: ,Does the new technology 
reduce this interchange? And faculty members sen/e as models 
to their students: To what extent may this contribution be lost? 
Some independent assessment projects or agencies should be es- 
tablished in the very near future to provide ongoing, and impartial 
study of the total impacts of the new technology. 

13 The proposed National Institute of Education can be very helpful 
with research and development, and the proposed National Founda- 
tion for Postsecondary Education cian be helpful with innovative 
programs at the campus level. 

14 The United States with its great resources may be able to develop 
programs and techniques which can extend the advantages of 
greater learning to iess wealthy nations of the world, aiding them 
to raise their Uteracy and skill levels faster and at iess cost-but 
any element of poUtical indoctrination must be totally absent. The 
whole world can be assisted to move faster into becoming a "Uam- 
ing Society.'* 



ERJC 77-3$2 0-81-18 



264 



10. ^R^sonable Qods for 
Instructional technology 



Although thtf advocates of instructional technology accept the im- 
pohance of objectives for the learning process, they have been 
ncglWt in defining reasonable objectives for the development of 
techno!^ itself. They have, instead, stressed potentials of the new 
nje^ aJld systems, sometimes overstating the case and thus creat- 
ingT^rpJamong those who value the security of the status quo. and 
fixing disbelief in the minds of those who appreciate the difficulties 
with which fundamental changes can be accomplished. We prefer 
a goals approach that concentrates attention on what is both pos- 
sible and needed. 

The Carnegie Commission suggests that the following goals be 
reached by 1980. ^ 

Institutions of higher learning mil have accepted a broad definition 
^ of^nstructional technology such as: The enrichment and improve- 
ment of the conditions in which human beings learn and teach 
achieved through the creative and systematic organization of re- 
sources, physical arrangements, media, and methods. 

Acceptance of a broad definition of instructional technology is 
not a matter of semantic convention. It is a tactical step that is 
necessary to assure that technology will be regarded as subservient 
to the needs of teaching and learning and not an end in itself. It is 
also necessary because it conceives of the various media and 
technologies as worlcing in conjunction with one another, and com- 
bines the support and enthusiasm now given to diverse individual 
technologies into efforts on behalf of the general development of 
teaching and learning resources. Finally, it embraces technologies 
whose merits have been established by many years of use. as well 
as the novel ones that have been only recently introduced. 
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2 Most colleges and univerctties will have devised- adequate adnttn- 
tstratwe and academic authority and procedures fur the encourage- 
ment and appropriate utilizatton of instructional technology. 

Although many segments of our society have roles to play in the 
development of instructional technology,' educational institations 
have the greatest stake in its utilization. Until they exert some 
leadership in the design and application of learning materials and 
some demand for effective media, it is unlikely that governments 
will be able to advance the cause of technology through additional 
financial support alone or that industry caji advance it solely 
through dedication of production and distribution capabilities for 
instructional hardv/are and software. I' the development and use of 
instructional technology on the campuses is made the explicit re- 
sponsibility of the principal academic officers of institutions, a 
significant first-step will have been taken. 

3 Colleges and universities who are responsible for training prospec- 
tive teachers for high schools and colleges will have incorporated 
instruction in the design of courses and in the effective utilization 
of instructional technology (as broadly defined in this report) in 
their curricula. 

The increasmg use of technology in instruction will require the 
availability of teachers who understand the capabilities and limita- 
tions of new and expanding media and the procedures involved in 
effective course design. Preparation of such teachers should not be 
delayed, because even students who ai^ now preparing to be 
teachers and professors will be teaching in the year 2000 when we 
expect instructional technology to be in general use. 

4 A concerted federal gohemment effort, utilizing the resources of 
the nation's finest Irbranes and museurhs as well as the resources 
of the nations campuses, will have been made to design and pro- 
duce courses of instruction of good quality for presentation using 
advanced electronic media. 

The greatest deficiency in instructional technology at the present 
time is caused by the inadequate supply of teaching and learning 
materials of good quality suitable for use with the new technologies. 
We have recommended that colleges and universities encourage the 
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development of such materials on their own campuses. Beyond the 
campuses, instructional progra'ns must be developed for utilization 
by many different institutions in the form of films, video- an^ 
audiocassettes, or printed learning modules. Because such forms 
are least expensive and most effective when widely used, it is 
especially ii:|iportant they b^xpertly prepared, drawing upon the 
•best available expertise and learning resources. We therefore be- 
lieve that resource centers such as the ^tiithsonian Institution, 
National Gallery of Art, the Library of Congress, the National 
Archives, and major metropolitan cultural centers should be used 
to sponsor and assist in the development of high-quality instruc- 
tional materials suitable for presentation with various media. 

5 At least th^^e cooperative learning-technology centers, combining 
the instructional technology capabilities of many member institu- 
tions within a geographic region, and originating and directing 
centralized instructional services through information, communica- 
tions, and computing networks will be in operation. 

A critical need in instructional technology is for organized effort to 
create, improve, and utilize effective instructional programs that 
can take advantage of existing pnedia and know-how. Such efforts 
require a focus and level of expenditures that cannot be provided 
by individual institutions. 

Through the combined efforts of cooperative learning-technology 
centers and the institutions described in (4) above, at least 500 
instructional units ranging from course-length to quarter-hour seg- 
ments, all suitable for use with media in their contemporary state 
of development, could be made nationally available by 1975. As 
many as 1,500 units could be available by 1980. 

6 The level of federal support for development and application of 
instructional technologies should have reached a figure equal to 1 
percent of the total national expenditure for higher education. 

Individual institutions should contribute as much funding as they 
possibly can to efforts to advance instructional technology. In view 
of current financial stringencies faced by many colleges and 
universities, however, it is now impossible for them to make the full 
investments that are needed. The federal government must there- 
fore continue to play a major role in supporting instructional tech- 
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nology developments until at least the end of the current century. 
We have recommended that by 1980 such support should equal 
1 percent of the annual national expenditures on higher education. 

7 Extramural higher education programs should be available to most 
Americans through Open University type programs initiated by 
existing colleges and universities, states, or a^i^perative learning- 
technology centers. 

These new programs will provide for some people an alternative to 
traditional higher education. But they wiU also be able to serve— 
and undoubtedly will attract— many thousands of learners who arc 
not counted in the normal estimates for conventional colleges and 
universities. These additional thousands of learners can only be 
served if an adequate instructionJ technology exists to supplement 
the services of live faculty members available for such programs, 
and to accommodate learning that traverses grea distances and 
schedules of students for whom education is not a primary activity. 
The very existence of such systems should stimulate the develop- 
ment of instructional technology generally. 

8 Legal restraints upon the duplication of educational materials 
should have been thoroughly revteived by Congress ivith special 
attention given to their impacts on the capabilities and advantages 
of instruction provided by the new instructional technology. 

9 Manufacturers of equipment for uses in teaching and learning 
at colleges and universities will have made a greater effort to adapt 
their designs so that compatible instructional components can be 
produced for use on a wide variety of makes and models. 

The lack of standardization and compatibility in much of the 
mediaware that can be used for instruction in higher education 
impairs the full and early development of educational technology. 
Some standaidization will inevitably occur, as it has in other 
media, under pressures of the marketplace. But we would also 
encourage government agencies and manufacturers* associations 
to influence, to the extent they are able, a more rapid accommoda- 
tion by mformation and communications industries to instructional 
needs for a wide variety of niaterials that are usable on a broad 
range of available equipment models. The needs are particularly 
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acule in the use of media that utilize computer programs, audio- 
tapes, and videocassettes. 

10 Systems for identifying promising instructional materials will 
have been developed^ and procedures for encouraging their devth 
opment and utilization mill be operabU. 

11 New professions for persons engaged in creating and developing 
instructional materials on the nation's campuses will have emerged. 

•V fMO 1 Most colleges in the country will have introduced suffictent tech- 



nologies of all available and appropriate kinds to realize the follow- 
ing benefits: 

(a) Savings of some of the time professors and senior instructors 
traditionally spend in personally presenting information .n*k* couJd 
as easily be presented by other means. A reasonable goal is aveiC^ge 
savings of at least 15 percent of a professor's time per course. 

(b) Provision cf alternative modes of instruction for exicting 
courses. There is no longer any reason to insist that students learn 
everything in the same way. Some students learn some things best 
from the lecture mode. Others learn certain things best by reading 
or with maximum use of visual materials. Particularly in fact- 
intensive courses, or review courses that are prerequisites for 
advanced instruction, students should have as wide a variety of 
learning modes available as possible. 

(c) Provision of logistical flexibility by allowing students to receive 
certain amounts of their instruction at times and places that are 
most convenient to ihem. 



2 Six of the seven proposed cooperatwe leaming-technology centers 
recommended in Section 6 ivill be in operation. 



»Y 2000 1 All instructional technology identifiable in 1972 will be in general 
use on college and university campuses. 

Z The availability of education through independent study within 
and without traditional institutions will have become widespread 
tkough applications of the expanding technology. 
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The year 2000 could also mark the completion of more than 25 
years of concentrated effort toward the advancement of learning 
through mstructional technology. At this point it should be feasible ' 
for teachers and students to contemplate the ultimate dream of all 
those who have given serious thought to the potentials of the new 
media— a national interconnection of independent information, 
communication, and instructional resources, with the combined 
capacity of making available to any student, anywhere in the coun- 
try, at any time, learning from the total range of accumulated 
human knowledge. 
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APP^n 8 

Description of Satellite Technology j/ 
Demonstration, Federation of Rocky Mountain States 

-J^M^*?"?£»2' ^"^^^ Mounuin SUtes, Inc., hwidquartewd u, DcoTer, was 
«UblUh«d In 1966 as £ partnership of sU mountain states— Idaho, Montana. 
Wjomlaf. Utah. Colorado, and New Mexico. (Nerada «nd Arizona. wMIe not 
meaibera of the Federadon, are also partldpatlnf in the STD.) Its aim is to 

^o™* as weU as their resonires, in a 
■2S?^^V^It^?^m.i? ^^J^ regional problems and to promote and plan for the 
ortleriy development of the refion, Ita conndls and committees are involved in 
nomerotts itQdIea and actlrltles ranging from transportation to natural resources, 
^^SililiH 7f resources, from arts and humanities to t^ 
communlcaaonj It U a unique regional association involving goverBmental 
agencies and private industry, business, and institutions of higher learning. 

rocBATiow or aocKT mcuttali statm niBroaT A^fO satellite pla-^s 

"if Federation began exploring the possibilities of obtaining a 
!!lfr^..t?^^"*^?°° P^Jr^ Mountain States, and in 1969 had 

jrabmlued a P«)posal to HEW for a proje.. to improve instru^lon inTmaJl. 

^1 ^^'^Jf ^.^^ educational television broadcasting via 

•ateUite. At Jbont the same time, HEW started investigating the potential educa- 
tipoal uses of NASA satelUtes. In 1971. NASA accepted an HEW reouest to rn^e 
rollUon in alterations in iU planned ApplicatloS, Te?hnolw sSeSte (rT^) 
to keep the satellite open fcr tue with a possible low<o8t ground receiver system 

5Ln7ri.mm..!?i .^7?>.°' Telecommunications), and the Federal Commnnlcn: 
tlons Commission sent through to the Worid Administrative Radio rvinfP«»no* 

^ff^Ilfr.* 1^ ^^2* aUoAaon7or mr^t^^TcS^ 

winM^^^; ^"^^ frequencies were available for educational broadcasting a ud 
5X1^'' relatively ineipenslve sending and receiving equlpmem; higher 
^hn.2?l ^f'*.?*"^** **""I"J°JS?"^">»- necessitating wstlier equipment 
M ^nt^^J^^?^'.^**^ * Educatlou awarded the Federation 

5>?^^H n 'S? ''^^'''^^^^ organizational structure and fanning" 

St5JT/^n?M'°r^' "teUite experiment for the Kocky MounUln Reglon^Amonfh 
UUr the World Administrative Radio Conference 1l Geneva aereed to aweot thP 

Rod^^Moontaln SUtes stepped np its planning efforts, working out That wou?d 

t^ T^i^^l^""^^ «temt^assisted demonstraTlon for the dell v- 

^t?i^?^!^.^n?"°°V '^r*'^* "^^S «r^ces to be based 

on the real needs and wants of the potential svstem hpw .le/^ «*ZZJZ!a 

»yit*m techonolgy and not Brtiid educational content areas aeiiTerj 
In Jannary, 1972, a planning grant vaa awarded to the Federation That ^ame 
month the ataff of the SatelUte Technology Demonstration began meertSe 

•"'^^•^ Spa« FUght Ce^ter?anTl^.rA.Id In^u^ 

i?Z|?t for'ilf^E^SKe'^^^^* ^"'^""^ ""^ '^"-^ 

THE BATEUm TECBKOLOOT OCMOlfSTIATIO!! 

.T?i^« ^„^?i'!:„'"'i"'''J'' ~*«<'">«<» t^fo"?" June 30, 1975. bas Involved an 
exteMlTe appUcaUon of sdence-and technology to ptoblem-solvln^-ln a ««i 

^£t'S^^L':?:!^°''?"''-Ji'^' '-^'^ the deveIo~fifaew «™ctu^S 
to WiJ^«'^7V'' 7","LEf™" st^'e ""I '"'"I resources to merge 

^i^.^n^^nMiA' ^°f^^ approache« to the use and coortlnatSn 
prtTate and public communication mechanisms. >» 

iJz^,f™J^' injunction with the ATS-3. which haa been 

in orbit and operaUonal since 1667, to explore new modes of audie^ Invo^" 
ment Since the ATS satellites offer the capablUty of two-way "ndlTthe STD 
SS^^-n^^tffl'j,"" ^=n.an^ng services beyond thosl^avaUab e thr^gb 
f^Sr'ZJliw*"?' television -ystema. By taking adrantage of the ATS-S's buJIt-lD 
•wUo feedback systems, and by UjTolTinglhe andltnce in oli^nk^atd n«2 
fmmnlng. the STD aroided the Uck of responatTiSS^-S hSnS!S°n^ Snd 

— "*^' r^""' c^^"**- Co""'« on Interstate and Foreign 

^^itles fUdT'"" "? '^^"'""o'"'- Teleco»uSlcatlons 
facilities and Demonstration Act of 1975. Hearings, 94th 

Washington, U.S. Govt. Print. Off., 1975. 145 p. 
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Of particIp«tJo& tliat cbantcteriMd tone prevtoas aUenpta to apply tecbuolocr 
to the solDtion of boman probJewa. Fortber, It ia a uiUque telfcoxamuiucationa 
ayatem in tbat It is compaUble w\th exiatine tematrlal dlitrlbutioa ayatexna, but 
U alto capable of reaching beyond tbelr capabilities aux corerage arefts to the 
mott remore commuaiUea of tJbe tnited SSUtes to equaUxc tJbeIr educational 
opcort unities. 

The STD directly affected hundreds of cop::TiunltIe« In an eipht-»tate region 
wbHh includes Arizona. Colorado. Idaho, Montana. Xerada, New Mexico. Utah. 
r*jd Wyoming. In addition to the HI terminals serving otberOIET experimeiitera 
In Alaska, the P^clftc Northwes:, and Appalacbla. Products and services K«:ulted 
from cooperative efforts Inrolving broadcast recipient*, colleges and uniTer»ltlej>, 
atate department* of education, and otb« goTemment agencies, local advisory 
boards, consultants, and STD personnel. These producU and aervlcea were pri- 
marily fo:n>ed around a new NaUonal public acbool priorit.v—Career Education. 
The proJ(Ct was deslpned to supplement existing edncatloaal prt>gr«i» with a 
can-ful blending of hardware, software and personnel. 

To promote oudltnce use of the demonstration's products and services, a field 
aupport Dftwqrk was developed which made the project aa integral part of each 
atiite and each parUdjwtlng community. Each aute has a^i|»eraUng, atate-level • 
coordinator of STD efforts working on concert with local part-Ume coordinators 
in each of tijp 56 school alte^ The prograia* these coujmunltles receive are pro- 
duced by the STD at Its television studio located in Denver. 

Tlie progra mmlng of the STD Is categorised as f c41o wa : 

•Timr Ouf—a 3;^mlnute program broadcast Monday through Frldav which 
?:l .F^!^^ segments of dramnUsaUon to present career education informa, 
tion to Junior bl?h students. In addition, live segments of this program allow the 
t-Sf.^^}'J^J°*^ ''^^ '"^^ two-way Tolce capability to ask quesUons of the 
£>JU ataff educators and receive Immediate responses via the satellite 

^^f C^awf^o™ : ^ -^'^^ Perspective for Teachers." A one-hour live 
progn.^ broadcast ever.v otaer week providing career education In-servU-e train- 
ing for tt^cher^. Including a two-way voice segment 

"Kootprints" A one-hour evening "special" broadcast every third week which 
iH a Mfrfi-s of topical i^mt^ra-^i at-^^irncd for the toUI community. Inclndlug two- 

-Materials DIstfibntion Service." A central library of 42G educational tilma 
covering subjt^t:. for grade levels K-12. uhlch can request^by U.p 50 . tes 
! , satellite for videotaping by Uie schools for pJavb.ick at 

a later time. 

r.J?"!f"^"7 Medl(al Training Refresher Course." This Is a joint project of the 
fnTfh. R^.?.r^r^\^f^'ti.'^*° Mountain states Health Coa»on,t Ion 

and the Rocky Moanfain Corporation for Public Broadcasting to develop .i series 
?lhMi;un!^'^'''c*i^n^ °^ a rf fresher course for certificated emergency medlcU 
if 1 !i/ * ^J>f""S through Its field structure, arranged for ti.e u^ 

or local site facilities aud equlp-nent to Implement this program 

The STD Ip a -user-hased" s.vstem In that the programs are the result of n 
to*lfJi"'''t»^'V''''i ''^'f^ '".^^ conductc<I In the region and whicl. allowi^lhe u4ra 
Jer^rL f.^^^ ""^^ ^".^ broadcasts began, weekly evaluation 

reporU from both teachers and students provided an on^'olng critique of c.ich 
Kiurl r.^^''^^^.^!^ ImpMvements which form the basis of modification of 
t^r^Ll^Vi K "^^'^ "^'^ malntalred by a field 

service staff tvhicb Includes a state coordinator in each of the eight sra' e<. The 
fhiVrn ^n"^ ' completed with aite coordin.Mors in each «lt/who imple.nen! 

^^""^'^^ '''' ^^^^-^ 
ri.H^fr!J^i5 wnnnoed. could lead to a series of experiments in uj^lng a wide 
variety of communication systema to deliver diverse and expand^-d f^oclal services 

bni"t?^%'I^i^ rflXn'-I ^"^^ """'^f* ^""^ ""'^ communications capa- 

rilvJr; i f t.^^^K^ demonstraUon. Its present goals are directed toward 
ga ning informatlou about feasibility. effecUxeness. and cost that cnn gmde 
rnSmJ^T' -^Vy'r"-"- '"^ 'his and futmv eff' "ts^IH bS t o 

* • '^"5-»^^"». educational, and human l,enenf. 

The S7D lias brought a vast, ruggtxl land closer together. Because of its 
geograpb.v. demography, ethnology, economy, and edncatlon.il sv^tems. the Rockv 
Mountain Region trap selected as one of the places irhere the knon!ed|i of"picl 
U^leoornniunication accumulated during the iKist two decad«Tou d broJ^M 
to earth to kupport the activities of human beings. 

The Federation's expenence as one of the six Health- Education Telecommuni- 
cations expenments ^hows tbat there is a inue delay between lije development 
of any new communications technology and Its acceptance and u|»pUcation for 
public benefit. 

This lack of underAtandlng. sometimes almo<t a fear, of new technoloiry when 
coupled with the normal resistance to cliaii;;e Is often costly. The time lag 
between our tethnolojjlcjl capability and the willlnsness to accept and utillie 
what scienri-its and enKine*»rs have made pos:,ible is a matter tha*. coacema 
agencies and organlzatuMis engaged In delivery and dissemination of health, 
eilucation and related social services. 

The Satellite Technology Demonstration, during its oi^eratlonal period from 
September 9. 1974. to May 16. 1975. Illustrated clearly that u^er acceptance of * 
new teihnolosy cau be established, maintained and verilled. 
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DescPiption of Spertansburg <; c 
Two-way Cable Television Project ' 



to^^r, l.'*f*°f **'■'* "•«'^«'oo •mean tbit can be uMd totb 

J^K** ^ xfJ'^*^''*^ •^'^ '0 test the mwkit ??rT>« fi?^- is 

sriiTAnauM A:fD its cam ststqc 

Int*rtUte 95 Id the nortbweit or Piwlroont area of the state. Tbe cable plaut 
T?! hi^^'^."'°".r°*S TeleCable CorporaUon'^of Norfolk VTrffi 
1.^ ,r**^^^^^?•**^*"^** eiperitoce v.itb t^vo-waj sjatews. Its Ofer. 

C.ble^i ?ffo^t?^'nl^ iL^^^ '^'^ e/perinent5. and Tele- 

tablet efforts to proflde a j)eaDs tbefe for educating seTerelj hflndicannwl 
f^oawr. received some .ttPntlon lo the trade press inSfe e7 ff i97oi 
eiperience waa Incorporated in tbe des.cn of tbe SpmrUnburg ayatem/nbiS^ N 
In one aenae a second feneration two-way cable plant. 

'"5*^^*** to^lfc strvlce. Tbe cable plant was designed to ba« a fiiii 
M capacity. Tbe basic design was for a bubbed. single- 

cmbla pUnt w tb ZT^fon^ard or "downstream" and 4 return fldeo channels A 
J^^l hLI"^*" spec ackuon. for amplifiers, trunk cable, connectors and suit 
scriber dfopj sougbt to permit tbe simultaneous transmission of forward and 
return signals and to minimize tbe ingress. of foreign signals. Tbe Quality of 
tbe system was assured In construction by local supjrr^islon snd by strong fsc- 
tory support from Jerrold Corporation. Jerrold bsd a turnkey contract to coii^ 
struct tbe vstem. and used Spartanburg as a tt'tbed for tbe development of 
Its line of two-wsy equipment. Tbougb construction was occasionally slowed for 
factory cbsnges in smplifler modules and other . rdtrare, tbe net result was r 
• system tbst w^a eipectcd to be fre<» of many of tbe problems tbat bave plaguert 
otber two-wsy cable systems. Tbus a centrsl resson tbst Spartanburg was se- 
because It provided a good test of wbat could be accoui 
plisbcd witb tbe csble technology of tbe esrly lOTOs. 

DATA trrus:* and adult educattoh 

In choosing wbst serfices should be offered, tbe project began by syslemat". 
rally canva?rlng the community for sertlce needs. High school education milcklv 
emerged as s priority sres The need for adult educstion is particulaily great 
In South CaroUns, where 32 percent of adults do not bare a higb school educa- 
tion. Some adults do try to go back to school, but their success is limited by 
many barrier*. In 1973-74. less than a third of the S8S students earolled In 
Spartanburg County completed tbe course tbey started. Of those tvho gare 
rcawns for dropping out that were not Job relsted, over s third cited barriers 
tltst might be overcome by educstional television In the home. Most of these 
said they could not continue to srrange transporUtlon to class; others cited 
child care, bealtb, And otber family problems tying tbem to tbeir home. 

Ad'ilt education slso seemtd s sood cbolce because experienced teachers In 
this field f*flt that interaction was essential to student progress In tbe claso* 
room The need for Intersctlon an<? some wsy of reinforctug the student becomes 
even more Important when the student is lu his home, isolated from informal 
contacts with other students A two-way capscity cable system seemed to offer 
the means of providing student participation in ways that ordinary instruc- 
tJonal television could not. 
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In Spartanburg, home terminals hare been provided to students enroHed fn 
the tish school equlvalenCT proCT^nm at Spnrtanhurg Technical Coll/'ce. Teachers 
offer instruction from a TeleCable gtudio aud present questions lit a multiple 
choice format. The terminals trnnsait data slt;uals that show the teacher ^hlch 
•tudent^are answering and whether they know the correct answer. In a second 
mode, the students are .ihle to indicate they would like the teacher to review 
. the last point, move on to new material, or other messat^es 

Spartan!>urg Tec has now offered home-based adult education unlng this sts- 
tem for a year and a half. Three classes of high school level Instruction ha\e 
each run 12 hours a week for 15 weeUi to prepare students to take the high 
school equivalency examinaiion Each class was structured to test two-way 
cable Instruction with education in the conventional classroom. On a typical 
day, the math teacher ^ould instruct her class over '^ble from 8;30 to 10 00 
a m. and then drive to Spartanburg Tec wbert she taught the same lewn to n 
regular class from 10;30 am until noon. The reading teacher would ha\e tli<« 
reverse schedule. Instructing the conventional class at Tec until'lOiOO a.m.. and 
starting the same reading lesson over cable at 10:30 a.m. Thus the two-groJips 
of students received the game Instruction from Che same teachers on the same 
-days. The results were that the students using the two-way cable svsteoi 
learned Just as much as students taking the course In the regular cla«room 
This very simple system of ca 8-button terminal to respond to live Instruction 
la a viable educational concept. 

MULTJPOI.NT VinEO AWD nAT CAEC TKlXNIIfO 

When discussing service delivery problems with agencies, we found that aug- 
gestions for applications that involved return \ldeo were most common AN 
though these potential uses tended to be fairly disparate, one pattern ea.erped: 
Return video, allowing newers to Interact by showing sLills and sharing experi- 
ences, was considered a valuable way to strengthen group activity. Several possi- 
ble applications emerged that could enhance communications among existing 
profess onal units; perhaps the most Interesting possibility was to use return 
video to enhance traicing by building upon occupational or other functional 
group identities One such example, and the second application chosen for the 
Sparta'iburg project, is the u^e of return video to train day care operators 

The need for quahty dav care has grown substantially In recent years as 
th** number of »^'omen in the work force has grown Child care In centers? has 
grown more sophisticated as more positions are filled by well-trained personnel, 
but in-home and family care is a continuing problem In these situations, the 
child e:ther remains at home or is kept in the home of the caregiver, typicallv a 
neighbor or relative who is often a mother with children of her own. AH too 
often this caregiver sees herself as little more than a babvsitter. Even if she 
»^ould like Iravning, it i-s di. ;cult to acquire because she is tied to her homt In 
the d»y, she mnst us:ually care for se\eral children by herself, in the e\rnings 
and on weekends she mu-st itnd her own f.imily Of course, some caregivers are 
so niotixated they attend occasional training workshops despite the inconveni* 
ence. but for the general population of this type of caregiver. eCfectlve train'ng 
needs to reach into the home 

Tno-viaj calile b:i> been confltnired so that training for a caregiver c.ir. be 
fshnred over tele\ision The worKsboji format, already a common training format 
in this rield. lends itself tc th s approach Uond sta'^ and other vlsltin« profess* 
Sionals from the ijpartanimrg area Ls\e run prog .as ori<;inatlng both in the 
studio and in day care centers Vie* crs of the training protrram view worlk- 
shops conducted in the homes of participants and know that they will be aske<l 
iti turn to ^er\e as the work>«Lop site. Cameras are located In other centers so 
that the profe«'!'0::al on any one day can asi^ questions of other members of the 
group, and as:«. tUeai to de:ut)nstratc skilly, concepts, and creatne ideas A set of 
iiids\ ulca!'! that m.;:ct nol e\t:r metrt are brought to;;ether as c'eni!>cr<! of n f^lo- 
coinaiiirucations gruup, seeing and being seen, to share exj)j:rm)ces and to gam 
exy>erti«;e <r'-^ 

To isolate and measure the value c/ return video the dav care center^! in the 
cable area were r^iiidomlr divided into two group*? Careci\er<! at the fir<!t group 
of centers receive<I a*id u>ed cameras and could only watch Tests at the end of 
the pro;;ram rereakJ those without cameras learned Jusjt as much as tbo*'e who 
act. rely particir^att-d and could l>e t>een over tlie cable Thus return \ideo did 
not seem to i>e havii g a return video capacitv a jd did not add to each indutdiial 
Pthdent's learning The data did show, however, tha*. the viewer enjoyed the 
li-^e interaction, tind It «!n*ncthened their inxohemcnt in the programs O^lie 
li'si«-on sreins to be that the gn-atest \alue of twowav \ideo is a mean? of 
dev^loi»ing lou-co>t programs that can l*e Cenerated in the local community 
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COKCtUSXOX 



There are * rariety of policy impli cut Ions that can be derlred from our own 
findings, but let me emphasire 3 points that bear directly on the future of 
rural tet^mmuoicfttions systems, in general they are derired from the diffi- 
culties we had starting the SparUnburg project 

First, technology is not the major issue. Cable In only one of several tech- 
nologies available to provide telecommunications services, and the be^t and 
cheapest system Is likely to use a mix of technologies. Too often we have 
chosen a technology, and raced out to nnd uses for it, A more logical way ot 
proceeding is to ake decisions about what we want to accomplish, and then 
choose the approp ate technology mix to accomplish that task. 

The difBctilty, and my second point, is that we do not know what telecom- 
muDlcaUon* senricea rural areas really want. In SparUnburg, wte began by 
ajisuming tb*t the freatest need— and therefore the greatest market— for edu- 
cmUonal serricet was for adults without a high school diploma. The same as- 
aumptlon was made about rural areas in a staff P«p€r prepared for OTA'a 
rural telecommunicationa conference. That need may be the greatest, but there 
Is some doubt that students will enroll in high school programs in Tsst numbers. 
On the other hand, parents have turned out in remarkable numbers for our 
parent education programs on child derelopment, a response we had not antici* 
p«ted. Thus, before a major demonstration is launched, careful needs analysis 
must be coupled with a thorough ascertainment of what rural citizens and 
local agencies want and will participate In. as opposed to what federal officials 
or technologists feel that they should have. 

Third, even If we were sure what services we wanted to offer and local 
aervices agencies In a -ural area were eager to deliver those services, there 
would ttiU be many barriers to telecommunications services. 

Each service area has an array of rules and regulations that seek to safe- 
guard the rights of the clients and to ensure funds are not shifted to serve 
•ome other client group. Bound by these rules. It is very difficult to combine 
services and funding; without such combination, one cannot achieve the econo- 
mies of scale essential to a cost effective telecommunications system of service 
delivery. Without enabling legislation permitting ^waivers of categorical pro- 
gram requirements and strong federal agency support In revising eligibility 
reuqirements, relrnbursement procedures, and professional standards, any rural 
demonstration wlU be crippled before It begins. 
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APPTO)IX 10 



Description of New Tork City District L8 
Instructional Support System Trogram \/ 



•OMO or COUCATOl V THI OTV or l«W (CMC 

r"ii rri "I I m il 

coMMUNfTY SCHOOL oenua ti 



Tbm Mt which MMod«d S«b<Un»len 11. S«etkn J4«. of N«» York Suu't 
SducAOoo Uw te M71 cent»hi«d • proirUloo that chwgod tfa« Educ«U0Q Dcpartewt 
•Hh' . . .lU d«v«lo|Mt ami iaploMntitkm of • coiq>r«h«niW« otudnt «v«Ju«tlon 
profria for oImiiut awl Mccodarr odueotlos.' Is couldwing hcrv hMt to 
rMfMHMS to ihU loflmtlva cWga. tb« «uit Sduetdon DjpwteiOl (SEO) concludod 
tk»t th« UgUUttiro'i Intont u voU th* nMd« of Now York Sutt'o oducatloMl 
•y»»i« wouU U on^od boot by dordoplag • c»p«hUltr for eo^rohootlvo ,tud«l 
rrfcluaoo© within tb« browlor fr w«work of • CMqw^Mnolvi to*truetion»l Muu|*>«t 
S7»t«i (C3MS) dMigaod to taprov* tho iap«ct of klMMBtary and ••eofuUrr odueattocul 
pr*frvM. 

Tho abovo oct WM • w»7 of rospondlng to two docAdto of rapoctod .ttwapW 
to bmi tbout Urgfvcolt. atoblo lsprov«sats ia iMtrueOaoal «ffoetiv«n«o« in 
wbift oehool dimicto. partlcuUrlT >n hwU akiU ^mm. ThoM atuoiptt havt fMturod. 
«Okn^ «*gl7 or la cOtohliuiOoo. ib« iafuMoa ofjiddltlaoal (froquntly aMtlvo) 
rwourcM. lat«rvtnttou by toMU of •pwUUw.rMd tho introduction of toodom. 
whnoJogle*! tooU and ••clrodflc' nanagV^ant tKhnlquoa With tho «xc«f>tion of 
0» ISS oxporiMnto ia lh« CuUdcrland (NY.) Cwtral School* and In Diatrlcl II. 
MM of thoM attMrpu . h»» bwn auccMtful to achlerlng thla goal At tMa tlrno. 
tht problflM of laprovtog inafruetlooal tifacttvanoM In urban achoot dlatricta U 
cMAKlirod in Mny quartva to b« Intraclahl*. and national tod roglooal rooourCM 
«» b«iAg rodtfact«J to Vddroaa probUa araaa wbora. It U b«U«vod. poslttv* 
»««uJu can b« oblatead «or« oaaUy , 

In mj. Ih« 9ut« Iducatlon D«f>ara«it cJwm to pur»ua tho doalgn of CD4S 
t*r»w|h tho fiu-thor d«v«I«i>»«ot and gradual InplcsanUtton throughout N«w York 
af an Inwruetlona) Support Sub«r«tMa OSS) that hM* bMn dtviaod by ■ (roup 
J w uuulianti fro« Riwaldt RooMrch lattltuu. who ara proomUy eallad Mttla 
AiMcutoa ISSi.aeo«po«i«t»ubay«a«ofCD4S. l«pl«to«jtatlon of -$ b^an 
"i!!!* School Diatrict It in M7S. During tho 1«4- «75 

••hool yt»r. Diatrlct II had an tSS'baMd aathMMtlca program 'up and running' 
• |r»d« ooa through alx in aU tho diatriefa 15 alaaaotary achooU. At tho proMnt 
Sit Baihcmat»c« progrAa ia boing lap)«toaoiod in all gradoa. ona through nina. 
» »u lh» diatr*ci'a aloMStu-y and Junior high aeboola. 

Tlw i»p>aaantatlon of tho ISS prograja could not hsva occurrod if funding wara 
••iJabla Naw York Suu provldod raaoarch and dwolopnant mlnty atartlng 
»>• ♦arly l*?^'. to RlvM-tlda Kf«oareh InatituM to initlata a ayatanatlc approach 
^ curr««>u. in lh« CuUdarUnd School Tyatao in N«« York Stata Thla waa 
•^mII^L^' *** <*^«l*P^t of a Mora aophlcticat«l mtppon ayataa in DIairict II. 
Otatrtci 11 obumod tha following gruiU ^ 
y***^ Grant Amount R at ult 

l«4-75 TiUa S JW.OOO 00 Enablod tha District to daaign ih« maliiamaUca 
curriculua during workahop aaationa 

1*74-75 ESAA lil.OOO 00 Enablod tha D.atrtct to inplamanl tha projact 
in aach altiaantary achool, 

l«5-7* ESAA WO.OOO OO Enablad tha Diatrtcl to raviaa tha alomantary 
liathanatica cVrriculum and add tha 7th 
grado to tha ayalaia. Tha raading currlcjuto 
w»a bagun 

1976-77' No grant 

1»7>.7I NYStau lOO.OOO.M Entblaa tha Diatrlct to laplanant tha ISS in 
oJamootary and Junior high achoola (<oin 
^ gradaa ona to nina. 



— "^r; ^^««-<««^l-«^-«<l fchnology. $«bco«lttaa 

o« DoMatlr and iBtanutlonal Seiwtlflc riai»n:n|. Analy*!* .nT 

Uar«l«g Soelaty. Comitttt Frlntl*. ' 
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A» th« •ducAOOMl of Dtfirki It. Brooklyn. I m confroaiod wiih tS« 

mCK cbAl)«ottns rtcpontibility of mtking th« lAitru«noM} progr4a »or« rttponttv* 
to pupil. Mhool. Md dtitrlci AMd* Ted«y this cb4ll«nt« l>«coni«* »v«n sr»itr ^ 
«iih •hrwkug fundi *nd rMOurcM Thu* on« auti eonclud. thAl th« »ppro4ch lu« 
in coerdwAOns «nd «lkxiun( UaiUd r««ottrc«* for •pacific progrttu. 

Th« pnmiry go«l of ih« IniUrc.:.in*I Support Sycicm i« lo cn«bU icich«r« lo 
tnc]Widu«lif« iniuucoon b«icd upon pupit n«c^a. !SS provldo .ddit.orul dtfcr«l« 
IntorMiioo rcl«icd directly to ih« currUuIuai With iho !SS cooponwu in plic« 
th« duirici h*i A tyticm ihit. 

Bring* iboui a unifortt tMcK«r gtn«i-»t«l curriculum in a11 th« tchooU of tho 
dtftrict 

Bring* uruiormlly lo program «lem«nU (objccttv**, •citvitio. iitta«) 
And p«rtora4nc« criicrtA OMd In ih« cUuroom - 

Civ«« i«Mh«r* more dbj* IO •p«nd on the dclwvry of tnttrtfcilon to ttudcnU 
by providing computer support for Mormg uit* »nd keeping records 

Improve! ihe over*U efticiency *nd effecUvenei* of tnttruciion And rain«gcm«ni 
wiihtn the cUi trooa, z' ho^l. And dUtrici. 

Improve* reporting to 4ll group* in the diitrtci ih*t *re involved wtih ,duc»tlon 
School Bo4rd. •uperviior*. parents. t«*cheri, ^od ttudenu 

Develop » cle»rer underitiniing of role definioon, responitbiliry. ^d 
funciic'i 

Pficripiion 01 Program 

The iy»iea w*» designed primirily to Atiiii t,»cher* in organizing initrucuon 
And me*.ur>rg reiulu in lerof of .ludeni mattery of .peclfic muructionil objective! 
li>S will serve * direct lupport to the teachers tor a given curriculum ire* ' 
(t e . reading. m*them«tic», «,cul itudiei. etc ) It will furniih the tescher with » 
p.cUge th«t includei initrucOonil.objective* for each grade level. ■*ctivni„ w 
meet tne oojecBvei. suggeited mAtenaU. uid maitery ictli lo be Adminiitered 
periodical ty 

Co<wponent» of ISS 

The iSS project h^i leverAl component! They a. e 

The development of the initrucoontl objective!. ACtivitiei, mAteriAli. ^nd 
ten i'emi Liit» of instructionAl objecove* were de> eloped by a teACheri' work- 
.Aop program They eximtned the exiiting New York curriculum, broke il doWn 
into .m*ll uniti c*Ued modulei. ftdipted Ini truciionil objective! from exiinng .ourcei. 
And wrote new onei when nccn«*rv Th« group aIm developed the ACtivltiei, 
<MteruIi. uMi teit iterai ih*t cm I med lo re*ch the objectivei md Aiieii .tudeni 
ewitery In thii w*y. »ome ot the moit effective teaching prACIlcet were r.corded 
• ftd docummted. The p*ck*ge produced by this l«4m w*« realiitic *nd relevint 
to ih* curricuiura And the school condtUoni 

S xff Training 

t'*"*"* progrim for teacher* And lupervtior* in the uie of the !SS miterul 
will be An on-fowg activity In .ddilton lo the InitUl orientation and crainmg period, 
workihop*. training leiiioni, and imill group raeetingi will be held throughout C.e 
•chool y,»r On-.iie ai.iitance will *l,o be available lo itaff member* m needed. 
Staff memberi will conitantly have the opportunity lo diicuis ihetr experience* wi.h 
other feiatf memberi and reiource personnel and offer feedbick on any aipect of the 
program 

Imptementatton 

The iirplemenunon '^mponent hit two aipecti The ftrit of iheae it ihe 
teacher'! uie of the program in the claiiroom. ilong with the on-going leacSer 
training program The teacher rcceivei the ISS material broker down b) grade 
level ind curriculum area. *nd plant her leiiona uiing the liiti of instructional 
o^J.<^ve.. acuviu,, . *nd mater lali .hr feel* ar« *ppropriite When a unit or module 
la completed by a iiudent. a leit ii adminiitered ind icored by computer The 
rt.ulu of the leit teMi the teacher whether or not the iiudent hai miftered the 
objective being itil^ J Comparing teit reflti with her own obiervation of cUm- 
room performince. the teacher can uie the inforeUtion diagnomcally lo focui 
miiruction on pupil iirengihi and weakneiiea 
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ISS. th«r<(ori^^vUtA* a v>ltt4blO^» c i «c h tor th« iMchar'ii h«lpt htr 
or(«iU««h«r wofl^nnd tACh •ludwii't lcv»l. mdivi4uAliA« inttrucoon by tuiitttlng 
r««i«<2uf. tnrj«ilf&«at. or mitul KMbiag »AMri«Jt 4Ad •cttvm««. Md previd«t 
kamMWfflM<ib«ck through th< compuUr scored M*U. 

Th« ■•cond oi th« uftpl«fncnuiiMi pre<«i* i« AMitiing principals And 

*Mi*ur.i priACipalt in uAing ISS to b«ntr i»«n*gt th«u> r«Murc««. By txwnintng tht 
dAU. Khool suptrviMr* and AdmmiAirAtori CAn b«|ln to mk« dvcition* about 
rcalloCAaag r««ourcci And thui cloi« thi fndbACk loop. For txaopU. by uiing ISS 
to pinpoint n««di. th«y can makt changti ui th« aciiviiut to which paraprofi«iionali 
ara atiignod. order dlffarant lypts of malariala. raquasi tpccial paraonAtl. mch aa. 
a ramadial raiding itAchar for ipccific htlp. davclop projacta for lh« uaa of raimbura- 
abia (undi And. in ganiral. uia th< ISS infomaiion to support thair objactivaa and 
prioriiiaa and do<uak«Ai thair budgai *~*.'iatts. 

Sinca tha ulQMaia purpoaa of any educational ayaicm la to itaprova tha 
achMvamani of ut pupils, tha ISS coordinates tha many and varied facau of tha 
pupila uiitruciional aQvironraani J>o that thar" ia a most propitious iniarfaca bitwcan 
tha child and tha toul aducaaon syitcm To Mhicva this end ih«ra must ba a rapid 
fa«dback of dau to tha profaiiional auff which would enable tham toavaluaia ihair 
parfornanca and further anablr them to organiaa thair learning anvironmanU for 
cUiciani and aUacuva delivery of initruction 

Tha educational conponinu cone together in a f»«dbacl( ayatea that cui 
improve nudani pirformance by, 

Dctccbng diifcrencea between expected and meaiurad achievamani by each 
■ludeni on program objecDvcs. 

Taking immediate corrective Aciion with reipect to initructional reaourcei being 
uaad and tniirucbonal acnviiiei being implcmcnied in the classroom 

Taking long leria corrccQve acbon wit^ reipaci to the insiruciional rcMurcet 
and acuvliiet made available to claiiroom teacheri 

^ In a report to thi Governor of Hew York by tha Department of Education 
Vititlid *£valuabon. Elementary and Secondary Education.* iha Daparoncnt'i review 
of exiiung methodologies found then to be inadequate in deicrmining tha extent to 
which pupili are lucciiifulty ihaiiering banc ikills. 

tt waa iound that 

Grade normi from siandardiied leiU are being raiaintcrpreiad. || is not 
generally undcritood thai SO\of all pupilr m norming pro<eii will fall below grade- 
level. 

Teii iiemi do not ihow pur>' P«r(ormance in rilation to a defined lei of iklllt 
thai con«aiulc pomu on the conDnuum of tcarmng 

The ten docs not meaiure ongoing pupil progreia within the ichool yiar 
Therefort, meaningful adjuitninu in cducauonal programi < annoi occur beciuie 
of Iha lacr of iniormaaon. 

There la a miiinierprctation of gradi icorei. Thua a third grade pupil icoring 
7 S grade level doei not mean hi reada as well aa a aeventh grader. 

Ont can Lharefore conclude that If an iducational program li to be effective. 
II nuti contain an ongoing meani of eviluatjon thai hai meaning to tha p-ofe«iional 
■ talf. parcnia. AOd puplli 

(n tSS. criterion reference leitlng hae been found to be effective In dellviring 
iba necet/ary information to thi profetiional itaff The criterion ra/crence tana 
■eaaurt whether or not nudenu ind/or program have been lucceiiful in achieving 
behavioral objecDvce Undoubwdty. thi criterion -reference approach it a more 
■ifecUve procedure for aiiaiiuig the effectiveneii of imtroctional program by tha 
profei'onal luff Tha reiulu ol this laiung procedure will be bena/idal to the 
diitrici of(ice. ichooi luff. and pupila 

r- The bencilli of the resulu to tha Dlitrici Office Are aa follcwi. 

It lupphea the Duplet Offici with objectlva dau on the progreia of a proSram 

It li an evaluaUva tool thai deicrminei the degree of lucceii of a progr m 

It will enable thi Diairlci Office to Allocate raaoujce baied on daU. 

It will enable thi Oiitrtci Office to report to and adviae the xal School Board 
on Ahori and Icig tangi mAttcri of program, policy, md objecilvei. 

Il will inabla ihc reaource luff to oitermlne learning cxperiincii which are 
inappropriate for ihi pup^a 

It feauJU in uniformity of program elemenii (obj^ tlvee. activl|i«t, |«|| 

ttaai) 
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rh» b«Atfiu ot ih«M rMulu to ih« tehool tuti »r« m (eltow« 

It «U(>(>11«« th« nMtiMry d«u to «n4bU th« prtnclpA) to «{{*cUv»ly pUn «nd 
•c)i«<SuU progr*.,. ord«r «nd »lloc«t* «*urul* «Ad «uppll««. roM.nn ,«chtr 
Ul«»t and rMourcn on mi ongouig bA«l« 

•••ehJitljJu",** S"*"**" P«P"» •Pacific .nd Mioctrd 

It •rMblt. tht prmeipat to tdjiut iht tnttruction*! ptntrn. so th.t thty rtUtt 
to tht .p^iXic objc^ tivtt of Iht tehool and dtttriet. 

It tMbIt« th« princip«l to mtiturt tehool-widt currlciJun growth. 

It givt. tht prtnop*! .ccur.u inforwaon ,h*t could bt u.td lo Inform pwtntt 
M *f toe ution B,t tings. P«^«m« 

.^ < 1^ will not only b« .bit to dttcrmint th« dtgret of puptl Hi„,„-y m 

thtir cU.-. but wUl .ao bt .bit to p„polnt ,.tk. ,h., wr7rot ««t^ 

Tht twchtr. will h.vt inform.tioa.t frtqutnt inttrv»lt th.t *«1 «».Wt tht« 
to locu* on iMrnuig .ir.ttgU. ntct...ry fo, m..ltry. 

""^ lt.chtr. will bt .bit to bttttr ii>.n.gc ihtlr clt.troom rt«urcct to 
Individuall.t thtir Instruction to tht greitttt potiible dtgrtt. 

It wiU htip tht l«.ch«rt pinpoint r«»»dt.I work ntcdrd by puptlt. 

It .Itrti tht ic.chtrt to LSt longitiidln.l curriculum content .nd tn.blc. t:»tin 
lo rtCMam«nd proper future cl... or group pl.ctaent. 

Th, fwdb.ck intlruction tn.bltt tht ,uff to modify. .Jju.t .nd improvt ,ht 
curriculum ' *^ 

Tho ISS .cormg of •„„ .Iw gi, ,„chtr. mort ,io>, to .pend on iht dtlivtry 
o/ m.tructioo uii Ittt Umt on cltrtc.l d^ailt 

Th« b«ntAt* of ihtM rt.ulu to iht pupil .rt .t llow. 

"«cuted with Mtu bec*«te ttudentt perform.net i. not 
m««turid in „r«fc of p.t.mg or f.iling but r.thtr in dtgr«^ of m..tery 
It mod^tttft tht pupd low.rd gr«*t«r .chitvement. 

U roductt pupil fruttr.non btc«u.t in.tructlon l« lndlvldu«liied .nd btgin. 
•htrt tht pupil I. .1 ,4ih«r t:i.n by . prior te.chtr judgment 

Ntg.uvt dltclplint within . cU.troom i. reduced to . minlri,jm bec.utt tht 
pupiU tncounter tucct.t with . work Itvel which it detenaln.^ by iht te«t rttulu- 

Tho criterion rtftrcnct tt.u mt.tured m.sttry of tpecific In.trucdon.I 
o6;tctivt» Predtltrmined p«rform*nct cnteri. were u.od to ..tttt „udtnt mi.ttry 

In .umiD.ry. th« inform.tion rtceived with tht In.irt:ction.l Support Sy.ttm 
«ublt* tht toul proft..«>n.l ,uff pi.n .n tfflctent delivery of in.truciion re.ulung 
la MXtauia pupil .chicvemtnt. * 

DUtrici II h.. bttn m tmprc.Md with the rt.ulu of tht ISS in m.thtm.tl^. 
lh«t 11 h.t uQUi«l tht vtry t.mt .ucct..ful proct.M. in tht dtvtlopment of othti 
curriculum .rt... tuch ... bilinguil tduc.tion. c.rter tduc.don. metric tduc.don 

. n*"**".* ' »>" * «*J« thru.t In Dl.tr ict 18 in devtlotiing 

* tkllU rMding progr.m for tht tfrl*. gr.dtt vi. iht ISS. Although it t. .,iU in itt 
wLncy, tht curiculum .rt.. (phonic., ttructurtl w.Jy.l.. .nd r«.dlne<.) ,h.t h.vr 
betn dt.ign«J h.vt btt - requt.ted by n.chtr. not only in tht pilot tchoolt whtrt 
tht carriculum w., u.ttd. but .!» by it.chtr. throughout tH. «,ilrt dJ.lrict. 
tniortun.lely. tht.. .r««. do not tnjoy 'h« btntflu of uB„.dl.tt feedb^k by computer. 
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Description of the PLATO System 



MUTOtT AMD fUMMEWt WtXjm 

Tbe PLATO vroAwn hM been in eouUnuout opemtioa at the Unlvenlty of 
lUiBois liace IW. From iu inoepUoo, this procrun has been oommitted to the 
objective oi brisfinc the |x>wer of the modern computer direotly into the hudt 
of the teneml puhbe for the purpoees of inttruction and education, where the term 
"education" has been used in the broadest tense. Durins the period 1059 threu^ 
iM7. the PI^TO I» 11, and HI srstuns were developed and tested. Thcae efforto 
dsAxiT established the validity of the basic concept of oo&)puter>based education 
and the imp<«tance of roovins from the demonstration phase to the development 
of A practicalf widely depIoys^Ue systenL 

Over the nast tea years (under n combination of State of Illinois, industrial, 
private, andT^deral support) this practical tystem, PLATO IV, has been d»dcned 
•ad implemented. The specific foals of the profram during this period have been 
to aooompliah the system and development, to implement a system of at least 500 
lirminahi and to evaluate the effectivenesa of the utilisation of the system in a 
variety of iiwtitutional settinas and in a variety of modes of service. 
^T^ isj^^o g-a m hat resulted in an operating system of the following c^ersl 

1. Approximately 1000 terminals nre connected to and operate from one central 
sonpMter system. 

Sl Each individi'ftl terminal provides to each of the users an interactive graphici 
sapnbility with essentially inatant»neous reaponse to each input by the user, 
Mepentently of the fact that hundreds of other users may be simultaneously 



uri»|ttlie system. 
S. These i 



t terminals are MOgraphieally distributed across the entire nation with 
loentioBS in more than half of the states. 

4. The lerminak are installed in elementary ichools, community colleges, uni* 
vsrsities federal sgeneies, industrial organisaUons. primary schools, and homes. 

5. The system presently delivers approximately one and one>half oillion contract 
hottts of service per year. ^ , ^ 

Over 6000 hours of instructional materials are presently in use. These 
MtcriaJs range in content from pre-schaol reading to graduate quantum mechanics 
and in pe«lagogical style from drill'Sad practice to complex simulations and 
interactive tutorials teaching sophisticated concepts. 

7. The system is used for instruction, educatU»nal and social science researeb, 
rftenrch computation, data processing, on-line research (ranging from chemistry 
to biophysics), information distribution, communications, entertainment and 
recreatjoi*, counseling, records maintenance and compilation, information retrieval, 
and in s wide variety of other uses. 

8. A national community of thousands of teachers, researchers, authors, and 
scholars and tens of thousands of students interact through the system and 
cooperate on a daily basis to explore new ideas and uses of the system. 

The implementation of this system involved a major program with a wide 
variety of components, iiiCludinK: 

1. Ihe development of a sophisticated computer system architecture to support 
a large number of geographically distnbutea terminds using ordinary telephone 
lines Tor communications. 

2. The development of a fundamentally new software system, which provides 
the naive user with graphics and ealeulational capabilities equivalent to so^ 
phisticated resesrch languages as well as judginf. branching, and other instruc- 
tional options svsilable on other CAl systems. In addition, the system provides 
management facilities to si*p(>ort the organisation and operation of thousands of 
classes. 

X The development of a Mtrku of sophisticated graphics terminals and a series 
of penpberal devices designed to meet the needs of the user, rather than have the 
iMer anspt to the capabilities of "o^-the-shelf ' * equipment. 

4. The development of a new computer display technology, which has sub- 
ssquently been applied to a wide variety of other computer applications. 

5. The transfer of this technology to industry in order to establish a source of 
supply for the needs of this as wellas other programs. 

0. The enlistment of a variety of educatioLsl institutions to participate in the 
tssting of the system and the lievelopment of a complete range of support functions 
Mcessary for the users of a completely new medium. 

7. In addition to this system development and the deployment of hundreds of 
terminals, thousands of hours of new course materials were developed and tested. 

This pro-am waa conducted over a four and one half vcar period in coniunction 
with the evaluation efforts summarised in the following section. 

We have clearly demonstrated that such a ayst* can be deployed and operated, 
while maintaining the high level of performance indicated above. In addition, we 
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pKJd other PLATO systems in opcraUon. wKo" beiog 

Atbtui^«f that the system ia widely and enthuslwUcaUy occepted 

onlv o^ ^iir^'."*"^!""^!; '^""T unanimously higa eXSnoi 

SSjothcr 1E« of lir^?'^^^ students but oho by researches. admmistrato«! 
f^^nM TlS?r«2: *y»^"V.As reported m on independent study by the Educa- 
fl^2«»J^i . * Service, tms high level of acceptancTis duo in lar« Dart to the 
^e^fof ^Sl'sTtim'-SL U^""^"^ odrninlstrators .ftEe develop! 

^utiSls&IS'iJSfi^^^ ^i-Uonal experunents, in wh^S 

^iMiSi^S ^ 2*"CaUoiul programs U an extremely complex problem. When 
gsUyHteAoed performance ciuracterUUcs are the objecui^e of the p^ijim. 
H^iiv!^ •tniifhtforward and meaningful evalu^Uon JesulU c*n bS o^^ffl 
!rnnT^~i^.*?«P^*?^ educational objective? are involved, meaningful evalu*. 
Uon U extrcracly difficult. Further, when one is faced with the problem of internal 
ing a new aehvery svstem with standard classroom instrucUon, evaluaUon efforts 
sre coafounded by t^ nwd to attenipt to isoUte the reUUonships betweeS 
weJe* o1?ifu^hr.u:*Jl,^ during the early part of thtTim piemen t^U^ 

J!^ ^ classroom tcachera r*ther than by professional curriculum 
developers, to insure user wceptance. Nevertheless, the following general observ^ 
UOM concernmg the educational impact of the v»tem can be made. o^erva- 
^ ,1^1:^714 ^ •K*' ^ demonstrate that, in some cases, the augmenUUon 

jrai^^ur«f;«;5« 

^JfSS^ol^i^^^^^ 

K.TL°»i' ^ many studies, wc have documented one case, elementary read- 
ftuk^nt^Ji^ '"'"^^ ^ Pf«^"« • negative impactVn 

•tuoent performance, as measured by standardized exams. 

Third, we have found in many cases that no significant difference haa been 
ihtfWn m student performance on standard test instruments. 

It IS important to remember, however, that performance on sUndardized 
teste 11 only one measure of educational effectivenws. in many of these cmm 
teachers report that they clearly see other indications of improved mastery o\ 
u^it^^^ the students, students themselves express the belief that they have 
understood ana learned more, and students indicate (both by responses to oues^ 
^^ ^^ H ^ *"^P~ved class attendance) that their attitudes towards speci- 
t'trihTTyJfem ^ ""^^ ^^""^ their experience 

Ml ^^^^^nl^fi^!t* P^f^^P" one of the most significant measures of education- 
«DinH ti!rr^J*J*'.l'^^'7 Shown by teachers and students to continue ant? 
of X'p^^^nrs;j;e',!;^i:^'v!fry^ " 

definitely begun to see, during the past year, that users are 
mVni^m2*th^fif'.f?K'"'*^ deJelopi^g new materialTlnd n 

?rl °i materials. The result is that even the narrow measures 

arc beginning to show significant positive results, where previously there were 
no significant differences." The system promises to be an extremely powerful 
.^L nL research, potentially providing breakthroughs m under- 

fmH^rl^fnH.nJ^ learning process as well as providing means for translating this 
undersUnding ,nto effective teaching programs. 
In summary, the system works, it ts enthusiastically received, and there is 
evidence that »t can have broad positive impact on teaching effectiveness 
i-urtner, in adfhtion to I he many inRtructional uses, it has been effectively utilized 
in a broad spectrum of non-instnictional modes, with great success and with 
promise of even greater success and breadth of application in the futu.-e. 

lliPLICATIONS rOR THt TVTVRZ 

w..^Ih^i*.M"!L°"?V*''°" ''P^"' ^ 8>vcn to the Committee, , 

^J^u^l t emphasize that we are confronted with a technology which - 

« much broader than an instructional system. Vou will see examples of a variety 
of on-ltne uses of the system, including; varieiy 

1. Instruction 

2. On.Iine conmunication to other users. 
3 Electronic mail 

4. Interactive computing. 

5. Information retrieval and distribution. 

6. Data proces^^ing. 

7 Recreation and entertninment. 

In addition to these services, we are begin ning to explore the use of the system In ; 

1. Medical services. 

2. Career counseling. 

3. Psychological counseling. 

4. Financial planning and cr -nscbng. 
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A. PuhUe forum*. 
«. N«wi distnbuUotu 

Not only are these service* avaiUble to the users ot the system at the University 
Of lUlDois, but we are beginnmg to interconnect with other Pi,ATO sysUms. In 
MkrticuUr, we beheve that PLATO b part of the emergence of a new technology, 
tht computer-based communication/information network. We further believe 
that this new technoloxy has extremely broad Imphcations for the nation. It is 
entirely feasible to implement a nationwide network, over the next two to thre« 
decades, which could Unk every household and institution in the nation. This 
network oould provide all of the services listed above, and many other*. 

The fundamental technology for such a network exists. Many major develop- 
menU which will expand and enhance the value of such a will take place over the 
next several years. In addition, a great deal of effort in systems engineering, in 
development of service packages, and in development of utilisation techniques 
and managenent skills remains to be done. However, no major technological 
hreakth^ougha are reouired to implement a network of major social, economic, 
snd ctUtural impact. This impact on the producUvity of the nation and on the 
quality o< life of our citizenry could be immense. 

Witn the exbtence of such a networJt, any Individual could instantly recei*** 
maU" from any part of the country. All individuals could have an automated- 
search access to the national hbrary. The elderly and the physically disabled 
could have access to an endless array of Interactive enrichment activities with 
participants throughout the country. Any individual could receive instruction in 
courses offered by educational institutions across the country. 

Jcb retraining and job relocation could be greatly facilitated and could minl- 
J income to the individual worker. Special attention to the lean'ng- 

diMbled and the handicapped could be obtained on a broad scale. Communitita of 
individuals, without regard to geographical boundaries, could interactively func- 
tion m problem-solving, social, and cultural pursuits on a scale and in a fashion 
not previously possible. 

One can go on and on about the value of such a system to the nation, in terms of 
productivity, quality of life, and international trade. However, this lisUng of 
speafic examples fails to give an accurate perspective of the potential importance 
of this new technolofkV. 

In particular, our capability to solve the great problems which affect the surviv- 
al of man as a species (energy production and control, population, ecology, pov- 
erty» war, etc.) is and will oe directly determined bv our ability tc accumulate, 
organise, and distribute information and knowledge. Zn fact, a good working def- 
iniuon of man is tl it he is that species which attempts to gam adaptability (the 
requisite of survival) through the gathering of information (data), the organisa- 
tion of that data into knowledge, and the application of that knowledge. It seems 
eminently clear that the highest priority for man's research shojld be given to those 
activities which give -romise of improvmg this most fundamental of all h-*mAn 
e/Torta. 
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tuaimom or ni ticcit rmnct 1 / 

t«»T U »f7», tt. «,U^» NM«^t^ 

nni CHi.n^.f mu^. »ir,i.i.. ^ ^, wi^J.u, ., 
gMiM. I, tt, ,, „ni«. TiaiT 

U.U.n- I»,.«.»U, T.l«l.i^. TM r.^.p^ 
fl-i., IMI CM 

-tMMUr. ^ ..1 c^,^„ 4„.U^, 

•« utf it ^, •44Hi,«.l »^ M 

••UkU.kW « g,igM. T-H P.i-.I.U,% lMtnMti*Mt tMMKk 
•«^mly f«*4*4 Mini f«f f«ll««^, ^ wk<.«- 

tk« T«M« Ut. 

•T'lfM.t. IM •*t-f«»-,MlU Mini C*(r«f,UM »M .bl. u (•••Ml .ich 

• U»Utt4 tb« i*agiMU« af tM <*»«UhU U. -•i«„ui«. 

fwub .f tb. Tm„ L*Wr«Ufr 1. iMrwt c-iMl ..^ i, »,.ir,cii»«l 

<..ig. .twt M(k«gi*« l»t »r«W,< , 

«M(t(«» 1. c«MUMr« dw.l.pM*! f*, ai. iM r.M^.b U iMtr>.ui»Ml 

MTtkAiiV ..4 iMir«cu.Ml d«lg« m4 <««*UyM*t .t gn 

«>»<rlMt ck««r«tiul HMpMtl** f,«« frt. ua Mlf-tUltlH 

IMO at Tmm) Mt Ml L* t«Mrr**'t - 

K«)«u .1 Tm... c. *l(Ur K.«.r.».. ki. c,fH V tm,t. 

m4 b«lf • Uu, .tMr k«y .uff MMb^r* •l»<t»4 t* m*. i« gni 1* cM 
•<«r •! 11)1. XM T*«M MbcMUMt «m Ura^Mtad by Mini Uim*» •( 

tk« MMg«M*t m4 b^«t •4»«*t«g«« .f CMMlid.tiM •( gni. 

ft* TlttfT b*r<-*„. ,^ cu,^,. ^. c*^i.c^ fc, j,^ 

t«^l(M U c«y|«u thU c^u«| b, Mtni« gru •*< lb. ti** t««t CMMAity 
MUltM - rW« .11,,, ,f Ar..^ ,^ fcriMr. Iirgl«i« C«Malty 

CM.,, .f Al»M*»4fi, TW.. *»g..tMU^ M^I.t^tN fciMt M Ck«i, 



J/ U $ CoQgr««« Mou«* Cowitt** on Scl*nc* A&d Technology SubcoMitt** <y 
Oc*»»tic and lnt*rt>«tl^KuJ Sctantlflc Flarmiog, Ai\«ly«l« Cooj>«r«tio< 
Cc«put*ri aiMl t^x L««mJng So<l«ty bttKiagtofi. U $ Govt frlnt Ott 
IV9 48 p (H«r*«ft*r cic»d Co«^t«r» and tS« L««mlog Sodfty. 
CoMittea rrtnt) 
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lkM4t««« If •ti*«Mti UfM t«kl«( U« TtOCXT In tM ftll 

MM««fl«Ml T*ttlH •Mvlcat tt U«*« tw* tltM. t*tU«tlM •{ ttCCIT tt 
till Miwwtitj ••4*fttU* •twtli^ 1* IITS ^ Ut e«»fi»t*r 

*M«Al«( l«M«r«h C««t*r ITV. TiM KTt *««l«4tlM tftt !• mw !• «r«ft 

OTaliaU tnm wni. 

t«r«iMU c#MMCf*4 t* • fmt*tM ftfX t^mfttn ^ r^MM •! m^mIw* 

MMf ■( ttwitait !• MM **«ttlM ^7 MMM mt 1m>hm1w« ■l»l-c«^t»rt . 

1W« «««« •ifli-«MfMtaM CM IM t*mlMli tt cM^vt tit*. 

1U c*Ul ^itpltr ttniMU ■• tttrMtlw* {••twtj •t TtCCXT. 
Stiac U*j cmln T.V. ditpltr., TICCIT cm r**»t 'If Itiltrt^MtttM 
tkWKtvr* mm4 trtpklct, •• • ft»7 ^lL«rM*4, !• Mr CMklMtlM tf wkit*. 

• • rMfwt*rtM«rtt*i trtpfc* cm Uwi k* 41tpl«r*4. The ctUr iMi suplilc* 

• MtrMMlr pmtmtt*i, ttt ftmptit^ m4 c««1*| mI wtriMt Mtt*. rtv 

ttCM««4 m4U Mf»H** <•* ^ foltlWa, tM4M MCttt, t* til* t«nlMlt, 

•• CM tl'M-^Hi •r(|lMtl«t frM (••••tti tl»j»f. A »t^tt4 

tjpmftiiM k»jho»t4 Hnit* "pHr- lawir-ciir •l^MMri« entry, A*- 
Vk«r tfMlil k«rbMr4 It thi lift Hmti curiw Hix^M cwr««c 
Mw«Mftc vitk (lasibU •4ltl»t, A 4t •^clil (••rtit-CMtril kijt !• 
Millihli It U* rlfht ai4» •t U* ksrWifd. Tk* kirWiN tmd 
caH^^lltltt *r* • tiflMti^* ■( th* lMtrwctl*Mt t»Mt<y M>«4 Ck« 

TICCIT i*ttwtf Ut *>i«ht»ii>f . Tilt ctitf 41|lti( c«ltr dlipltjt 
with uttpkltt •(• • MllMtk if TICCIT. but thi Mtt 4ittl»j i« wifUtt 
withMt tMit f ■■■lit 1* MtlM(l»t ^•utiawkit, 

TICCIT MftMri wtlUiii tht c*Ur dltplir l^r«irwt fwllj, Ckirtcttct 

CM M M^ifiai thi (I7' (• ^•4«»C* My ChltlCtir ir to CMfOM ■•7 

irtpklc, wKttlMt diicriiiili •••II7 iy •• •IsMsticj (wicti** «r •■ • 
difitit*^ ••(•!«• tt ttftmtm •(twer», A mt>4iti*4 t*l«vi«ltik <««•>■ tttd 
grtpkict ••07 ■7itM iciM 1*4 difitliM thi •ttMwrk, «(tlch It thi* ititt^ 
ctttttti7 ira^ici •ditir Hmti •uth«Ci ti plit •■7 ■lMMtir7 cr 

^•(M«tric (wMtitB ■•i ti cJit thii* ittd thi dlfltlMd irtw^rk it will. 

toftwara ta •id ■wthori Mi tiktit ■ vtriit7 if for>i, T>it |ti|Aict 
CM«ta vditet 0*l7 f*tt •! thi wiit latitfici 4*tn—4 to Mkt 
tko TICCIT tomfnttf •••7 MtlMti to Hit owtlkOdoi •7ttM it 

Mfo thio to "•uthorliif {•K|uit(" •uch •■ fouA4 or itMr CAl •••toM, Suck 
ari writtao to ciKtrot t*>t ^••\c htt'wtti oa4 l0|ictl ctptktlitiot 

• f • |tyao CAl •ytm. TYtty 4» Mt imIUi 10 thtit iMOitio tk( fuotfo- 
•««tol coMi^ta of »j»tr»»tit iiatcwctiiMl 4owolt|Mot, • frowlHg ^0^7 

• ( kiMv>ad|a f 4wv»l»p Utt TICCIT cOMtaovoro. Ao •wthotiOf •7itM 

• • to i»ftttf4 tit •( coofutat ^ra|r«M, (arMtto^ oiMtcri^ta, tp4 m»- 
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t H*^^ I. (Milieu «b. -wUm ..•h U 1-irM- 

Htm 4m^l^ tU •»M4ClH .^u^. .^ii^.. ^ „,„^ 
Mlt^r. r.r ^. ^ .^^^ ^^^^^^^^ ^^^^ 

Mf,,^. U p^rl, 4.U «,r, Ml.Ui, «>.>klc* M»r, m4 aiiln. 

-M^.IM ^. ^ ,t^clH^^^.. . 

CMC. •*i««|l,... „U,, ,M^U., K«„„ K^l^^ ^ U« 

-t.ri.f fMiriLti^. ,iu ^. ^ ^,,,4, 
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nt TICCn C^f «^r. l^tn.cii>.>l tw^^ ' 

M^cr ^ M^UcM .lu 1. (h. Wmwu). 'l, M 41..1H.H 

tr« -Mftvw..- ^l.k r.Ur. i. p^^,^ ^ 

•f Ik. tlCCIt ^„i„,. TU. .„.„„w u.^.,. ^j,,^ ^^^^^^ 

*-ir.l «,r Ik. *.,„., .1 iM.,«.l« ^4,^ 

»- ,i^y, u>a»t, ,1,. ,»„,.| iMcn.,,1^1 .cf«««y. fcy .t 

fc.lf ..r.cny ck«Msh M,l.., fr«,r« vklch ,l,„ 

-mcTict ftoitms.- -mr.- -^i-) <..(,m< u . crcu vui 

X«-C. l..r.i», IW rr.U.ctM .f ul. lMCr«CCl*Ml .Mr**<k. M 
tiecil ..4 .,wr M^t* ir h*. k... UpI«M.cH. U. k... ,gic« 

^.1... .„rM. I.. u ..I,..,,,, ,.„. 

T\lt !• (*rT«UCl. flMf Ch. m^,l i„<, „ , tyt^tU, 

• UUft ff<,„ t.i .MiKAri., MC*rltI. ck.c i. highly <mc •rt*cct** 

impl*^t»4 •• TICCIT I. • Mj*r •<t.icifi< am CMkMl*(i<.l M<Mpltfte««C. 

• ri^Miil tiMir MCK.A.e. .M * fi.tte** CM^.tcU. cm,,, 

». rk. ,.u i, ,|r.l i ^ ^^^^^^^ 

•••iciMACt. int Ml !• ciaekiof •cmerwr* or •4irin« tkili., 

TUl. •«chortt, m>4»l i, ^ w.., .Mcfylly fc, . ^„ 

• ( co«»MtM wtM M^Uy r*r««i TICCII M^i^cc •rtft MMtri .( , 

W,.r-. K^„u .r,^.., •! ,..tn.tti.. ,>^r^« 

TlCCr. j—^ir, >t.i„u. He,, „ „.,„ ,H^„M. 

.r. .u.r ik« -iceiT, „„„u,, „ j^,^. 
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sJ 

Description of *.he National Instructional 
Materials Information System (KIMIS), 



f«r th* Utm r*ut «* K Old* stAu Mav«r«itr 
Uf»mti« *r»tw. Unas, u «« u* r*^^ u/«iwtiM «• « 

vtVvwlwtr iMtTvctUMl Mt«rt*U «Mclt CM h* «m4 U KXvhttmm 

toM4. M-llM lK*rKtl*« ntrltvtl tfnm •fKlflcAllr 4«Ml*f«4 
%n tlw ywT*** «r M*l*tlM iMdMn. p«r««t«, taJ cttor •*Kftt*rs 

tto «f«*n UM><lH*lr Iff n r •* • t«>«vl*l«i Kr*«i. 

«pat yi«Yl4*« 4Mcrtf tlv« imfoTWttM «MC«nl«g Mr* tkaa U.OOO 

•r Hmt IUi« cJtll4*tt»* lutTvctlMMl Mt«rl«l* • aattmi* wM W 
t»« ckll4 VT ^ tb* t**a«r Mt4 cklU UtmctlH ^ th* ^ymm* 

f*r mlMtloN. umwM.. aMMnaMt. mA 41*fM*l* th* currvnt 

Mtvrltit - Mt*n*I* *i M M9«rlM.«I cr 11*4 Mtur* tMt 

Itott th* iMttvctlOMl m4U, Mt«rl»l*. •*jcatl«Ml 
tacWMUfT U tiM IMS tr* feM'^rl^t Mt*rl«l* auck i**trvctl«Ml 
lit*. 'llM vl4M cuMttM, Mrfl* cwirtt**. i^*. 
m4 Attor Mt*rl*l* tiyUltlM MrfUvliwAl tM*Ml»f7 Ui tK« irKltl 

«ZM2t, vltk It* U.OOO MttrUl* *rMUI •*K«ttM. 1* •x^ • 

Mil H» *i alUt U f«Mr*llr mMUU It 1* ••tlMtM tiMt tiMM 

%x% B»r* t^ SOO.OM iMtructloul MtcrUl* •villAkU (MMrcltUr 1» 
ltT4 U tiM yravlM* t«w V r«^* tkl* ftfwT* r*ri«ct*4 u l»<r««*« tf 
MA 1» r«nkMk*. U lis MtlM ri-twr« f'Uj. TOOi iMr**** U 
rM*N*. A.M 1K*<^M U ri^trlp* •* mII •* inuMr**!* m41* 
t«9«* «»< cuMtt**. «14m t*^* uU v:4*o <«**«tt**. tv«riM«4 yi«j*ctlM 
trM*f«x«»clM. wltiaWU llt*^ Ih fllMtri^. |mm> w4 *lauj«tlMi 
lkf»rtiMt*lr. •!> tM fM tf tltM« Mt«rl«U Uv* 4tv«l*t«4 w4 

J/ D 5. COB«r«aa loyaa. Coflant«« on ScI«oca aod T«ch3ol6ty. SubcoMltt«c 
o* DoMttlc «od lotarMtJoMl ScUntJfJc Plannlnt. Aiulr«Js and 
CMHratloB Cosputara aod tht Uarolat SocUty. Vaahlaiton, f.5. 
0<>»t. niBt. Off.. l»7e. 4$ p. 
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t—xu with iMimtioMi •ffwtiMMi* M • ftimrr c«ui^tiM. Ivm 
ttmt htv* »M* ifMtfitUir 4MlfM4 Hr mm «ltli ^mm «4» at* kwrfi. 
c*ff«4. Tto 4Mcrlrciv* U(«matlM m iMtnictlMti miu, MiiriaU 

Uf^tlM. CurTMtlr. htti nl4Mc« M4 4«u tr. luklag m m.i 
Mt*rlflf. N»..M«r, All Mt*rl«U In tte pr«M«i n,xm to** W« 

MC«a^«4 ^ • flMMWII luCk M, - ..•V14«IIC« tllMfl IIMI iMf Mltrltt 

varlMs 4lMktlllr rwf •)...." li !• „ w liop«4 itoi nU«iK< *t 
nc NMIS TWiAUUJS 

Acciff !• l>f»milM txtU im MINIS i4 |.1b«4 Umifh tHcl*! 
(•TM flia tf«fcrlpttr«. TtoM prtclitlr 4<flM4 xtTm •f «ry lipertMt 
U ntrlnlNi ufwuttM atoiA ImirKiIoMi mi*tU1i. Ttor* tr* Mr* tlM 

«»»<Ul UoiAXlm. St4 Mltf . Til* mMunu W mm vf ik* Mit 
•l^iriCMt COTirlWtlMU •t Ik* NINIS. Til* VM vf c«V4rt«r t*aMl*tr t« 
*U (Mctor*, FWMtt, m4 ftudrnt* u U* Hl*cttMi *f •ffrofrliti iMtnc- 
tloMl Mtirttl* for hudlc«pyi*( ««i4ltlM» ttet Imv* iinificuca for 
**«<tl*« r*tulrtf cwtful 4*flxltlM tf t*TM. pnclilM In luc«i*|*. •»* 
4««*ltt4 ipvclflutlMi of iMtrwcttMul o»J*ctlv*i. tThu. tk* «• %t 
cMfutan Mtlv«t*f • oor* •kjoctlv* m4 «cl*«tlflc tpfrnMcli to tk* i^itl 
•4uc4tl*« if IN* UUlnfpU tlun liti k«r*tofon k*Mi coMMilf rrK(le*4 

INSTUCriONAt MUUCOCKT SYSTEMS 

AMH r*ci«l isA»v*tlM* la ipMUl «4(K«tlo«. MklN| us* af toa^'Xtr 
t*ckMt*0 tf tk* dffvilkfMot af InitructloMl MMg«Mat lyitmu, iNitnie* 
tl*Ml tkjtftlv*! h*Rki or c*tl*ctlo«f. Mrf tmfMXtfkitU Initruetleul 
Mtport iritM*. T1t*i« lyitaiN *r* <«ilgn*d t* «Mbl* xtuhmr* t* 
MlvlAMlita itiitrvctlM AM t* l4*%xlty th* iMtnictlotul ebjictlvii, 
t**cklR| t*cMl^i tU TtUxU iRstnietloMl trttiruii m*4*4 to ittsls 
kXghtr •t^cltlc iRitrvctloMl go*li. lit r*<*stlr quarltrf Mr* tKu 20 aucli 
•ytt*M t* •zyler* tk* poiilkltltlai f^r pr*vUlaf m liit*rf*e* WtMm 
tuck i]rft«u«J)4tk* NIHtS. lu*aputa wMlfiti l«41c«t*i • «14* rMi* of 
i*rklitlc.tl*« 1* mck •fitow, sp^roAt rf^^UcatloM af affart, «iU tk* 

f*r •tuUArii. crlt*rl* «U guJ4*lli*i for ifitMi 4«v*lopM«t.^. Suck 
|«atf«llM* thouU Mt k« Utm4.4 to r*4uc* 41v*riltr<«tor t* cr*«tl*U/ ' 

1* iMontiM. kut t* Mxlklt* th* poiilkllltlai i»r c«^l*M«t*ry tn4 
c*^tlkl* lyit**! AM t* fultlttt* tk*lr us* •ftMtlMwl ant** Uk* 

KtNlS. 
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APPENDIX U 



The Pastf Presentf and 
future of Technology 
In Higher Education* 



tm m m m p titmnt rtM w 9uom09m »tM m r mm tit » Kir 6t> *k tmm^ m w ^totm i<i ■ f omim m *w »»f 



««MMrl»M<M«w«tfMi -M«MMlyn«M » W ii tH li m |llll»I H Mr««r>iW»fWr>m»wwl' 



MMVAitf C »wtM»in »K» >ii« >imrii n >f <M<Mi c 



iuCA t freltMiM on AflUncM MCMy M tafr «ai»<M»>w»«w»ti n NI*eiillyw>wi»<r f >tf*»t 
•rat ««ilMiMrtl««a«rt«po««rfiilM<AyiM**iiOM 

m tmi m^tn » ir a wiiowi pftii<MK» k tin t w wn »m »iW| mr wm wiiiriii w»wfi» tm 
MMrcH — m *iif » >« M« Mrf* ktranai N Mm 
MlrtKI»>nm>»fhtmMCMMI»wmn<[IMII. 
MtliClk moAfM ffnMMnb M« fMVM IMIM M 

9m ntm mtm»ett »e*m m m» Mm* *rMMiw 

MMrtwMy to> Miijimim tMy. M ««•«« far • to i«r. OMwwi Oiw M« MMfewr tcuraww 0 m 



n » ni. len M mm Hi»<n •« tti« C«rM»i Ciww 



r«Mr varMiy •* MvnM M« MMMi •! MMrwcMM. 

It m iMtciwM m mm 0 tMtf riniiin 



M« TV «rMM owrtwuwil MMmfl Ot 4lt M«M» 



t mm urn I > id i — u»K om m m M«wflw« 
mm49mm*.U*r*mmm Cmtmmum 



^m^$m>0m9**iim*t^* 

U rt wiUfy M* mm» ywmNiiftti ■iw c —l»t'>r— 
• mu mwn Mr* art NWNy N 



1/ U.S. Congress. Bouse. Connittee on Science and 
Technology. Subcoooittee 00 Domestic end 
International Scientific Planning, Analysis and 
Cooperation. Coaputers and the Learning Society. 
Vaahinstoo, U.S. Govt. P^int. Off., 1976. 48 p. 
(Bereaftar eited as Conputers and the Learning 
Society, CooBittec Print). 
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0»««u»ty no wiMihilion of htflft*/ Mucafcon no m•^ 
tv A0« ««<l cndowtd Of publicly suppof led. Mn •! I Of d 
« UMf 10 th« c>v«i wti«d anj >p«o«tuM nM<i» ol tho 
p«MAle*<w*i*onotmuntd<«ctptth« crou nujor »tu- 
«tAtt NOf c«n •vtn ih« Mf Of«0f »l msiiluitOfii oN«f 1 1 
m t»tn I 5 lMChtf-lo-»luO«rtt rinot Mof«ov«r. Mu- 
Mw« COfn* to tXptCt p«r»of>«J •f>d KAOtmiC 
M*i»ng 06v«ou»V mOf*otth«pfOi*«sor»i,mtinth« 
hAti* tnU n«v« lo QO into •dvifOfy lod m«n*9«rt«l 
t*m tna MM inio lulOfMl rom II w pf vciMty in iho 
iHw Jf M lf(»l l*cimok>gy tod m«d»« can puy • quAhty 

fMftiMt. modvi«f tchvdukng tMily o«n*riiM by 
u«^t*ftyu*ffl« c«n*xpafwiMafntnoopMontlOf ih« 
•«kiA9 ftUrfttftI AAd tv«n 9*rt*f M* MMpttd ltm« p«y^ 
iMM«ndcr«di' )pr«M tch*dwiM At»o •(•cbonic and 
»*a.»»4 a li< 0»»«k)pm«»l» tHow th« mutliC««npu$ irh 
M4wi>0A lo •xiffM tvaiuttl* t«cu(ty ial*nt ol Ofvqu* 
^'li^ictbons 10 f*moi* ioc«tion». a trvnd miy woM 
•Mtop lo Ancourag* nofwtMVCh ori«n(«d faculty 
ir4 pro(m<OA«i Mart fn«mMr$ to proowca tacfwttcal 
nxfia i a via iha r^w mvdm. 

0ti*fY8ttoitt on th« Pr8t8nt>d«y SUtua 

UoM aiampM of praMnfOay aoucattonal lachnd* 
oCriti owiy lantHiar lo u» Booiit, for aumpia. art 
OM^Mty lacnnotogicaJ k^ammg d*victt »o ara 
atackboafdv inapt mod«»» ciwf. •fMJ tpacimant. 
IM ti«f aogf apfi oaio bach lo IMS. lh« Uniarn alida. 
io IKO Motion p«ctwraa wafa uMd I Of aducstion aa 
M I»i0 aAd radio, aiaf t>ng m Puitbutgh. m m« 



1«0a ThaaaflyllWatfouowcteaad-cifmilTVand 
tha mwHimad«a claavoom tha nM0-t960 a. compuiar* 
ttMiad and (a imia laiar) computar-manaoM} inatruc* 
tton andiha t970a.iiiavKiM>oiik 

Tha tacrtmquM hava bMn improvad and rahnttf 
oach y«ar Hicfolttm and microbclia ara aumplaa ol 
niO'>'dana<ty raduction tachnology Dry copying haa 
h»0 cona»daf abla impact, ao hat aJactr o«c fapf oduc* 
i»oo and lacaimila ia<acofnmun»cationa a<td rapcoduc. 
Hon All tnat la no longar f a^vdad wtti) •matamani on 
INI coltaga ca/npua. 

Inoaad. MirKMOh f»»oiion ptcturaa ara faaeh»ng ihair 
70ih of adu'iiional uaa colkgaa u»a iham raihar 
intra^antiy lof mstructton Saalung out, acqutfing. 
and aattirtfl up • good Um la r«g«f dad as an annoying 
chofa by iha typical prolaaaor. wN>a« dapanmant 
Chairman probably r*ovda liima aa ralaiivaiyaipar^ 
•iva ^nd annoying tn that tha ciau may hava to b« 
movad Of raachadutad and arrangamants may hava to 
ba maoa lof a proiact>on<it i4ott umvarntiaa uaa 
t (mm hima. but SuPtr 8mm film ha« tiai lad lo maiia an 
•mpacL Tha hiaiory of Imm film*, israi commaroaiiy in- 
troducadiniKU goaaoacfc •imowaa far aa Umm.ii 
bagan aa an amaiaur product for tha ganaral puMie. 
but in Iha aarly 1960 a aavar ai companiM muoducad 
•mm lound proi«ciOf» and than, in |96S. introducad 
Iha haw Supar 8mm format Tha toopproiaciort hava 
found uaa m aducatton m praaant ahort'ftim tagmanta 
in ' •ingia<oncapi'' formal end hava found add'ttonaJ 
app4«at>on for aiudantt lo aiudy indapandantiy 

Much of tha lachnology uMd in targa mwitimadia 
ciaaaas « aiM uiad m t^finaiructton umta indaad. 
tha growrih of mdnndua/aad mnucfton rtp^atant* 
aducauons moat ngmficani unnd avan mougn n la 
aiilt in Its intartcy 

Tha I960 a aaw many inaiaiiaiiona of lartguaga 
labor aiofia*.* Hara. via audratrp* iMton*. individutiH 
Mtton of mttruction goat on with tha X9»cMf at tha 
«ma«iar conaota acung lo monitor and guida aach siu* 
dam on hia Of har own «aarning pain Tha Pmiiipa lypa 
of audiocaMaiia tm mada furthar dtvaiopnani of tha 
audio tisianing caniar aa a ratativaiy tvaiUbia and 
coai-attactiva approach pouiWa. yat rtianvaiy faw cot- 
laga otP*rtmarua htva impiamaniad tha audioiuiofiai 
conctpi .mpiamanuiiOAs Mch M fhoaa at Cvnag**- 
Maiion and Purdua Umvaraitiaa ramain aicaptiona* 
Anotha rafinamant of tha concapl a iha ubbiation 
of ccmpuiar aquipmani and lataphona i«naa to aalact 
arKJ dalivar aud»o and audio- viawal «natrucuon via m*- 
tariaii hatd at a cantrai aioraga caniar To data auch 
diat-accau tyttami hava provad to ba too aipanwa 
and loo limttad in thair aoftwara to ba widaly diaaam** 
naiad 

Radio broadcaating of laciuraa and wtairuciion wa« 
at ona iima thought to ba a ma)or opportunity 6y 1988 
Iha original Ohio Suia Umvaraity aiaiion that haipad 
■pvarhaad iha program waa only irantmrlling two pro- 
grami « to achooia Not avan tha avaiuoiiify of 
'miiiiuns of car radios artd iranftior radiOi haa 
cnangadthiapaiiwn By I9;00nly i2%of ihaori^naJly 
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hMftMd •6\jc»Uot\»» AM radto •tstiOM w*f« tbN in 

• wMM^ rHW»«v*. •*mo« iOO C*pu» FM rMtO tl* 
«K>o4 Mf »• >oc*l tctv>o*% * Sweh «ut.oftsg*ntf stry rw** 

• DToadcaM r«iM ol of\>r • ortly 10% ot 
ifwni uMd p(tm«rrfy lor lAMruCMOn Ytt rtdio 
bMn ■«t*Aftiv«<y ot*0 in Soutn KOfM. J«P«n ••'^ 
QfU BnUin for d*»n«ring •duC«t*On to rtmot« vm 
in tTM umMd sutn. ortfy »p«ci«iiitd network* »uer» u 
thoM u«#d tor poM9rkd«i«t« m«o>c«l miUucuon 
found contirKi'n9 tp^KAtion Nt«r YorirSutt tv>« tht 
SUNY>Alt>*nylacii<ly) North Cifokn* Ut4h Cwiform*. 
Wttconttn. and Ot»o tmoog tht bwt.hnown 

OpWtiOTft.* 

TMvoton hi* p«ff»*pvlh« grMtttt ano mo»t p«n»». 
•iv«pot»nu«iofanTin»u9ctior«iweriroiogy itcomtt 
tn mar>yform». wiin »ifiou» p«tf«u«» •nO limitation*. 
I^st dynamic hai tmn t>roadc*ii TV poWic x»\^ 
ton nttworha S«ch tartw aj MastarPtact Tbaairt. 
CivtiKaiion ar>dThaA»caniofMinh«»a«tt»act»aw»oa 
audHHKM trtd hava n»d con««oarao(t imPaci m con- 
tinutng aducttion Anothar auccatt NYU » S«nft»a 
Samaattr Yai ra**ti»a<y law coMaj** and uni»a»»i«»aa 
iMva baan ao** to mt<nti<n broadckst facitit»a« lor irv 
atruction Ch.eago cty Couaoa »nd tna Opan Un»»«r- 
aify tystama of G>««t B'llain and ol Japan ait oftotad 
ai«noMn howavar onty aoout 30S ol in« msuuction 
in »ucntifOgrafn» UUt Pi»Ct b-, OroadCMt TV 

Tha ctM ^-Cvcuit or ctOta irt^*"** incrtaaa tnt 
r»n9a ol inatructton, and anttXf coiitoat to ftcnadula 
inatruction bm\9f Tha »o>ca)iad ;n»i/uetionai Ta<a«- 
a«on Fiiad Sarvict (iTFS> n « d«»i"«>ytion kyJtam 
wfHM broadcatt* *l n»«CfOW«va l»»»Jtnc»a« f 
pKkad up mtti ipaciaJ raeaivmg aouipinani lor tmif- 
ir*ot)on *»t»>«n My » acnool ou*iding Thi ranga « 
hm)tad»oaDOt*t?5fMa« wM«h.|mo'athanadaou«t 
for mo« coMOfl* and uni»a»»ily »ytttfn» HOwwrar. 
mo« ITFS tyatafn* $/• u«ad Oy afamantary and rtiQN- 
acnooi d*si/>cta. »nd by paroctuahKnooi tystttni 

▼ha Community Anttnna or C*bii Tv »y»tam» 
aitM>dad countarpam of eampo»-w"da eioMd-cireuit 
iaia«iion»yatam»»Ha#t soaciaily oa ^flnad anunnaa 
or h«flh lowart or mouma.n patu P'Cfc up distant TV 
aignrllw ampkiy tham ino rad<tlnOutt tham ovar «pa- 
ciM(uiuallycoaa>a')caMt»toiM>ma» Ou»inat>aa and 
acnocfa Tha imporunca lor htgnar aducation rcita 
ivgaly in Vf larga numoar ol cnannata that ca ava4- 
awa 

Wa may di*KJa racant nontraditional prpgrami mio 
thoaa which provida a highly paraonaiiiad and wli- 
viduabtad form of adi*cai>on and tnoaa which oHar 
ttaiiMa accaaa to cou»aaa ih/ouflh u»acNng at i dii- 
tanca Tha p#r»ona*nad program* inciuda that ol Mifv 
naaota Malropokian Siata Co»taga tha Umvafaily 
Without walla coniortium and tha Emptra Stata Unc 
varsity ot Now York (now w»Ui •Odut 3 000 «u- 
dania)'*" 

Tha Naw York SUta Raganti program oRara 
bacha4or » dagraaa loiaty on tha Da. > ot aaamination 
andbanatercraditi aipraianiinnwrtingtndbuainaaa 
aorruivuiatjOA w»«hout »a*iOaft<a on a campu« and 
without formal couita f agiiu ation ■* 



Wa ha*a alto aaan iha uta of tna modiliad »rtt.ti» 
Opan Umvaitity (taaching-ai-a>distanca) syiiam m iha 
UrMiad Siatas at f)utgar« Uni»ar»ity. tha Umvaivn' o< 
Marylartd tnd tha Umvarvty ol Houston Thaia pro- 
grama aroMa ttwdanta lo undart^ > lariout cot«ag» 
laval study without tha raquiramant of sch«- ^a 
ctassaa " Tha Coast Community Cooaga m Cu,totn.% 
rtas baan a laadar m tna davaiopmant ol coursat «h>cn 
utitua broadcast TV'* and tha Unvarsily ol CsiilO'fws 
«t San Oago Ea tansion Diviaion hAS Cf aatad tha lOvs o< 
using spaciat rnatariaii pubiishao in daily nawspapai s 
aa a baais lor coursa davaiopmant ** 

Ona of tha mo St important racfntprogiams has baan 
thai ol Iha Univafs«tyoiM«d-Ama(ica(uMA) aconsor 
tiom of savao larga midwa^larn univaisit»as 
Stata. Kantu Stata and Iha Umvtrsitias o( Nabrttu 
*' M«souri Kansas towa and South Dnkota UMAcar«ia« 
out thfta major function* 

(1) praparatton of mutttmadia coursas 

(2) coordinatior> ol laarmng acbvitiaa in iha p* 
ti««p^ttng institutions and 

(3) rasaarchin thaaltactsofva/ioui kir^olma«a 
piatantation 

Although *tin youpg with at>out 2^ aiwdantt n 
has comptatad • coursa in Accounting and i* working 
oncourtasasvariadasJapan Tha Graat Piams WotU 
Food Problams. Poairy. and Application ol PastiCioas 

Ahothar intarasting prog'am. opafating out ol 
Evanston. Ilbnois is t^a Laarmng Eachanga amaich- 
makar organization to Dring togathar »no.*idw»» 
taachariaAdtaarr>ar|lorgivansub|acllialdi tnsuchs 
program laarnars than ha*a an obligation to taach »n 
tha tiald m which thty ara qualiliad ^* Tha abova pr»- 
gramaandotharawataracantlyraviawadbyUUA iJ I 
Lipson at an tntarciancia contaraoca in Bissiiia " 

Many programs can ba ca/nad. snma qwi» 
spaciatiiad and of mtarast to only a law paopia CllM 
TVthusbag<n»toapproaimatathad<*)-accaiscapab«t- 

ity mantior>ad a'sri** 

Tha latast TV ralinamants Ara vidaotapai and 
vidaocassattat. which parmit sioraga of miuuctton io» 
rapaaiad.convaniantusa InsomamstituiiOfli swChst 
Orat Robart* UmvtfWy m Oklahoma taPa* can ba 
chackad out or caitad up tor viawing on spactsi 
monitors Soma iniWulions hava mada usa oi suc^ 
capaoilitits inconjuTKUonwilhTVcamarai to«aco(d 
ciaasroom partormtnca ol studant taachari spaw 
tharapy Sludants aihlaias musician* ate and M»s 
^stant playback and analysis In 1973 Rrama* 
Compaan (ol Iha Phiilips Corp m tha Na«hari#nas» 
wrota Aithoogh no othar mass madium hu unoat- 
gor>a such rtpid growt^i or mada such an imptct m 
latavision it is wchmcaliy trua to say lhat in ma«| 
raspact* tl i* snil 'n >ls infancy Thty want on to 
senoa lhair naw lasar vidaodisk systam. tppropnaiaif 
cattad On Printing Motion *** 

Soctotogists i*«l ui thai Amaneani wsich on tna a» 
artga '>l ovar 30 hours ol TV aach waak Ths PuW'C 
ganarfcl (including |tudants)has aCQui»adalikingio«< 
What would ba tha impact ol systams that would 
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h>c$ Ol unti 



SptMOtrMMion 
litolp<kup 



tsoo 

tor «2in.Xmin 6*ik 
30 mm (recorded on on* 
t«d* onty) 

hclMrt CM M tpMtftd up 
•*0«*<1 or frortrt FinQtr 
pf inW dust do not d«IOri 
^Ofikt can M m*d« in<k or 
•th»n including a jMpcfihin 
on* to b« Mnl inr9ugh mM)« 
Ltsar bMm 

Pu»ttc coaiad with aJumtnum 
and transparent proiKlnw itytr 
iKOrpm . 
Appro* lOOOOhf 

PtMfbpc A lyugnavos (pl«y«r) 
MCA A Piyogram (diak) 



AC4 
ISOO 

tlOfor in. 60 mm d*$k 

60 mm (recorded on both 

Um 01 a eroOv»3 disk ahmmaies 
two 01 iht control sytltma nMd«d 
lor opbcal sysiams Production 
. costs arc lower SlO«f«r rotational 
*Q9^ raducaa vibratton prOOtoms 

EiMtron Mam 

Vinyl copolymer ct/4ied wiih 
mctaJ diatactrtc \i*tt luorieani 
4S0 rpm 
500 rw 

RCA 



*m Nadom of enoic* of program — asr wa hava with 
%«CM or racordt — at about ttta s«ma prica? 

IWonunataiv. magnate tap* it rMiivaiy costly and 
AMiooaaMtyhandlad wtuch makes duplication com- 
»KM«j and program accaas lomtwhat stow Wa ara 
««M to audio miormMcm batng ' prmtad ' on rtcords 
•Af AM htvt l^w^ott W mtormalion prmtad on rtc- 
u»iizat»OA 01 lasar ttchnoiogy for bom mastar 
f»M«atiOA and piayt>ack cootd laad to suCh a > prmtad 
Tha Pniihps vkmo Long^y (VLP) disk haa 
Mc^Kai raadovt (vta a small haiium>naort lasar m tha 
Mv«Ka umt) H « iftaralofa aaaiiy rapo«tionad and 
caAprodwc* ' 

• • idn ptctura 

• fartabia ipaad motion 

• forward an0 ravafsa motion 

• Mdiass raadout ol any ona o< tha 54^ framaa in 
Vta 30 mm d«sk 

• MQuancad or computar<ontroHad raadOut 



Tha (oltowing laWa comparas p«r copy manufac* 
lurar s matartats costs lof a 30-mimita motKxi visual 
program 



Outntity 





1 


10 


100 


1000 


<6mm film 


$417 


tlQB 


$04 a 


$M17 


9 mm Mm 


?85 


C6 


5200 


44 76 


Vim vioaocasaana 


70 


31 


titi 


18S0 


Vidaodisk (proiaciad) 


4S0 


4« 


301 


063 



Sacausaoitha high qualify of tha Tvptctura onacan 
avanusathaframasiostora print and indai banks Wa 
snail ra turn to this mtarastmg davaiopmant attar a bnaf 
raviaw « mada of tha ratatad davaiopmants in com* 
pularixad information systams 

nacantiy, RCA Corp hasadopiadanawtachmqucto 
produca a vtdaodisk lhai can ba piayad vta a eapacitiva 
raadout Thara ara many s>mii«ritias of mtant b«twt«n 
tha Pmibpa and RCA ayaiams, but lachnologicaiiy thay 
ara quita dittarant and probably only ona ol tham wilt 
uttimataty pravail ThaRCAv<daoracordi«aisoi2in in 
diamatar. howavar as m an ordinary LP racord a 
matai'tippad upphirastyius rtdaam tt>a racord groova. 
saruaa imy changas i n alactrical ca paciianc* along tr^ 
groova, and utitim ihasa changas to moduUta tha 
s>gnai Tha RCA racofd can ba tttaraiora racordad on 
both sidaa to produca an hour s output Tha abova 
labia (artapud from Forbas Uaga'ina*') cumparas tha 
two formats. 
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Coif^i*r» cm tm invoivM m higlMr •ductben m 
tmnt way*-" Comput«r.M*«tM proQrwrwMd wwtrue- 
ttoo (CAQ AM rM«iv«d moat wmton. M«c« ti>» eom" 
pul*r syMmi* u«*d« • mtdmm to Qr««*ni inMiuc- 
tioA tfrncoy to WW tuxMot. Otonow»>)r. ih« compuMr 
IP ■ttf ' or MbMAiM tor tM irwtrwcior W« 
tfilMw pfoyimiiw<4pt t rvct»oft «• iMrmog pr o^ram* 
•tfuclurwl in Mrmt ol Oatirwd btftaviorti 00*t»- 

IWM-^wa CM syvMm* 5»« •w«»HiW« MOty tl 
iM>4«raMy iv^H coct. Mv«rtl iHindr«4 0o««rs lo tlOOO 
fit mooth p«r Mrminai. UnM i*ctrttty moti CM t«rm»> 
nf co n t u li J mf ly ol Wtypw or typtwnwf. 
Suctt ••iipmfnt. wtn — to c i w od commwracstton 
QMT. lypicMy sccoMm* for on*-th<rtf lo ono-hsit ot ttM 
coou ol • sy^om «niti ft tuX complomoni or mtmnti*. 
C•t^od»«•Hute diaplsy t«rminat» v bogimung to 
ropl«G* IM typowrMr fo» runy purpOM* Mor« ttf- 
voncod Mrnufialt. wcA m p4Mm« <li«pl*r» • v*'^ 
My ot au0w««u«l toMurM, art alao coming mto uM. 
artd avan nioca atfvancad laboratory proiotypaa oftar 
lyaot proMMaa lor iwura low<ou. iwgivlunction tarmt- 
naia. in then, davatopnwnt ol larnwiais >• • long My 
trom a fttanoar« tarn>«nai lor CAi >* 

Sawaral programmtng tanggagaa «nd oparating sya' 
larna for awpporimg CAI work hava baan davaiopad 
With a law aacaptiona. aach of thaaa syttama « 
ortartladMhar toward coitvartabonal pr ogramrmng u 
a maana ot protlam 9o»rftn\i v toward u«a ol • CM 
Mmgwaga lor mora or laaa aiybtad progrvnmad in> 
atructtoo. 01 itio ayaiama now aaart. norw iaa<n« to >>• 
fully adaquaia poavMy aa an aariy protoiypa of • 
twtura CAI oparating tystam 

Aa 10 iMtructKNMi program* tor CM. aipariarKa to 
data ahowt thai program pr»P«aiion coaia rwga irom 
aavarat huAdrad lo 4 law tttouiaod dollars par studant 
r>ou<. It <a not yat claar how mvch an inauucbonal hour 
wtN ba worth m compariaon with an hour ot aitarnaia 
tawning actmty Yhara « not avan agraamani on how 
10 aMimaia avaniual coat attMavanatt ot CAi ** Thara 
« urgatit naac lor aoma good avalwabon asparimania 
tw lay a loundabon lor coai^factivanaaa tvaluabon 
Soma CAI programs conaiat ol mara prasaniaitona 
artd/or itn^ 4uaatior)a>and-tAawars taibng. in short 
ol matariaia Irom soma othar madtum dispiayad by 
maana ol a computar larmtnat 

Tha chtaf daficiancy tn most programa M not thai ma 
contant <a mundana or tha saquanctng ot Marnng ob- 
lacttvas comanttonal. alamarttary conlant can ba quiia 
ou«UMa lor CM. and convanuonal afuctunng ol tha 
program coniani « usually v«<>d Tha lawit )s rathar thai 
pooruiaiamadaolihacomputar Todiscusathr. «int 
adaquaiaiy. wa disiingutah (foiiowtng Adams'^! among 
Itwaa lachntcai aapacia or dunartions ol dasign ol * 
laormng program contant. strwctu/a. vtd madiat>on. 



CoAiam maana aomaiMng Ilka lha tthaiar a «Mw 
el lha aeopa ol lha coursa. tha cor pw* ohnlorawboa M 
rt-- lnbahiftof>Harma.thatarminaio^ao»aa Si'ttt- 
fwra maana tha alan<«nis ot ordar thM mate ii a ^» 
gram m tha laamingpaychologiat auaaolthaiarm 
stratagy ot bu4dHig up a complaa sMi, tha >Mrarct»| ai 
bahavioral obfactivoa. thaplay ol aaquarKwiQ el ia«i^ 
irvg taska. tha tomia ol maasagaa. iiw aathabc vaM a« 
Iha laariwig aipartanca A auccaulwl CAI progiaa 
inustsuccaadmboUi contant and struciufa Howa*«i 
tf tha laormng program Is lo ba daa m ad succasOvi m 
CAI, tha compuiar's tuncbon muH baaasanbai la 
raaloabonolscma important inaiAtcbonaivahia Oa* 
idantiheation of tha vakia addad by tha compuiv 
should ba tha tkft atop m tha awakiatoon ol a CAI ^» 
gram. 

AlttKiugh tha computar « oAan ragar dad pnmariif as 
a commumcabons madMjm. n can contnbuia to any ai 
tha imaa aapae«s of tha program. II may comributa la 
contant whara tha laar mng taalia ^nvoWa lormuiaboM ar 
uaa ol computar programs aa such may baasaanaai 
lo auuctura wlwa tha aaquanc4nd ol taarmng tasta 
dapanda on tha paat aipananca ot tha individwai siw 
dant It may contributa madlaiion vaMs wnaia 
madiaia raaponstvarms mtprovaa tha sttacbvanaa ai 
tha laaming program or whara computar mad^Mn 
parmtia changas in admtnauabon and/or iog«i<s af 
inatructiorv 

Wtiat wa naad la « aat ol aatabkshad programnwii 
principlas tor prapa^ng laarmrtg tasM that va ayrfaa 
Id Iha madHiintNor axampia 

• Construciad raaponsaa ara usually batiar ihaa 
aaiaciad raaponaaa 

• Laarnar imtiativa and conuol ara OaawaMa tsa- 
turaa. 

• Inatrucbona should ba hald to a minimum, tasu 
should ba tormuiaiad so thai thara u a ' natwti 
way to answar. and so that lit* computar can dati 
with mmor format variabor^ 

• Sarvicamaasagaatcorract. wrong atc)ahouiaaa 
in ganaral aa taw and aa bnat m posaiWa 

• Whara appropruita. programa ahoutd tacMaia 
Uial-and-arror laarmng 

• Oariiy should coma balora anrichmani 

• itismoraimportanitorthaiaar/tarioiMowwhatM 
IS doing than tor tha laarmng paychoiog^t ts 
torasaa and corUrol tha procaas m daiaii 

Tha untqua prom«a ot CAi » to g*** a laarnar co» 
varsatiortal mtaracvon with a body of mtormaaaa 
aapaciauy suudurad lor lacaiiaung laarning Tha m- 
lant to wh»ch thia prom«a can ba lutirfiad al off* « 
bmttad mora by povarty ot programming tachM«>« 
t.'ian by tha othar tachmcal bmiiabons ot tha CAI tia- 
lams Tha toramoataducabonal naad lor advancmg tha 
stata of tha art in CAI IS thus to davaiop and daaior*- 
afraia program daa^gna and taarnrtgiaakiinaiaciM** 
atfacbva communication baiwaan ittnt and laai ni^l 
programs 

That IS not to say thai thara ara not aJio graai naaoi 
and opponunmaa lo tia logathar CAI with naw av 
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ittiMnt may utNnaialy •Now low<o«t. br»nch«nQ •t^ 
0O^Ml CAI lommn 
A^l trom th« lutCKttt mod* mh} th« moft obvtout 

Mwpuiw c«n b* v«f y v*iu«bi« in tht ffl<n*9«fn*Ai ol 
««K>u>in«(fuct>orvfti procttv Soctit«cruvQoM>««dio 
•iwi hM b«com* k^town M in« ConvpulvfMtAtgtd 
Mvwdicnai (CM) tytiMn H«ra. n m iho wwitn^- 
MOwM ^n* »yM«m An fActrooic dau-proc*MinQ 
tyti«mtMCom*stnaidloin«i«»ch«f Of prot«»»or Th« 
coMpwWr •nn«ncn intuuct>0ntt •ttiCitflCy In • 1972 
•wn«y Co<n*td<k round ttm ih* moM common UM « 
dM pfOc*s»*no tnd tsKhme computer scMnc*" 
r*Mf m«n 10% of pr*«*nt'd«y un«v«ri>iiM and eo»- 
«gn rtpori any lorm ol luioria* uM for varioui raa* 
fciiu (1) Itta faculty t« not w«{| awari ol tha 
iiHvwClional pot^nbtl of ttta con^tar (}) 
•««cii«« and v«M«ta?lntfruc6ona) tohwara «« lack- 
or ()) most prtMni »y«tfma (axcapl m ap«ctaii<ad 
«M«) va not C09I artacbva 

Ona ol tha ba«t<linown s«>rvtvtn9 tyttamt «• iht Uni- 
««rt«tr ol M«no4i PLATO Mf tat now ,n at PLATO IV 
9»n«<bon H 1$ concafvad to handta avaniu tiiy foma 
4000 iMcfwng Mutona At tha prastni hma m aiit- 
IS 000 (Mft ttma •Iwdanii uka u iMat soma ol 
tfiarf couraas on « «craan dttplay Dy printout or (in 
WM* iMi Ktuattont) by tyntrvaaixad tpaach tn April 
im ConifOt Out Corp wrwcA Du40s tht CyO^ com- 
>>w lariaa utj^ad by PtATO. announcad tri*t a 
*«(0'commarci«ipuah mn upaetad with additional 



cualomart among um varailiaa and in tha militanr. ho«w> 
avM. iha primary tar gat ivaa io ba induaUiat kftmno 
PLATO tyttamt va baing mttatiad by univartiliaa in 
Florida and Owabac and a modif lad packaga at Lowry 
Air Forca Sasa m Oanvar. but tha maior thruat will ba 10 
olltr indwUry larminaK at 3lShr par atudanL PLATO 
promotori argua that it coata tS-iOmr to aducata an 
undargraduaia. 120-30 for a graduata and $30 tnd up 
for a prolaational atudant Thara wOl ba no anampt 
Mdialty 10 ofiar tha tyttam lo aacortdary achoola. atnca 
a tyoical achoolattocataa about $i/hr lor aach aiuoartt 

Tha datignart claim tfiat PLATO <l««ign ovarcomaa 
tomaolthaproWamiolaartiar CAI tyttamt inttaadof 
atonng daia on magnalic upat or ditka. PLATO r«4t*a 
on mora convanbonal aitandad cora mamory. wfMCh 
attowt data to do movad out o t ttoraga aa much aa 1 000 
bmaa laatar. Tharatora. avan whan 500 tar mmalt ah va 
ona Cinuat procatamg wi^L a atudant naad wait onty 
0 2 lac on tha avaraga tor a ratporwa Eariiar CAi 
tytiam* had »ong raaponaa timaa and aoma atudanti 
lott intaratt at § raault 

Tha PLATO display conaiata ol a grid ol hna wiraa. 
$t2 acrott ind $12 down, aandwichad batwaan two 
piatat of g latt to that ma wiraa form § grid of mora than 
250 000 tinycub»ctaa.aach containing naongaa wtwn 
a cubicta it addrattad by tha computar kayboard. a 
turga of currant causat tha gat to lOTMxa and glow Tha 
Atpiay « iraa ol ftickar. mfika a cathoda^ty tuba, (t 
naad not ba rtlrathad " Bacauta it it uantparant 
•kda picturaa can ba tuparimpotad on ttta diapiay 
Howavar. tha plasma display ptnai accounts for about 
35% of a tarminal t coat of about S0OOO at praaant 

Critics ol tha cantrtitzad approach potnt out ttttt 
phorva tarrifft ara on tha naa and microcircunry coaia 
ara coming down making it aconomicalty iaas<t>la to 
put mora and mora computar powar and mamory into 
star>d-aiona mimcomputar syttamt Tha laading man- 
utacturar ol mtmcomputars. Digital Equipment Corp . 
has abaady soid ovar St2 million worth of mima lo 
cotiagas and umvarsttiaa 

Savar si co*(agas artd univarsttias ara rtow amptoyiog 
tima-sharingsar>tcas of a computer consortium sw*r 
SI tna Dartmouth Ragtonal Consoruum and iha Dra- 
gon Suia Ragtonal Computar Canlar Btsicaify auch 
consortia ra<)uira onty tha instatistion oltarminaia and 
taisprwna communications bnas 

TlCOT (Tima-aharing Intarscttva Computar- 
Controitad mformation Ta*avis<on) was davalopad 
undar a National Sctanca Foundation conuact by tha 
uiTRE Corp ol Boston and Waahington. a no^HHofit 
sy«lama-af>oinaarir\g compsny Coursaa wara d»- 
valopad by tha instituta lor Computar Uaas in Educa- 
tion at Brighsm Young Univarsity (BYU) TICQT was 
originatty intandad for uta in Commuruty coitagat ac- 
cording to C V Bundarson diractor of tha BYU Com- 
putar irvstituta * Howavar. among ila fait usari «ra U 
S Navy traintrtg programs in Catilorma arvd Ftorida. 

Formal hald tastt of TtCCTT hava baan cortQuctad at 
Maricopa Community Coiiaga in Phoarwx tna at 
MaKandrias campus ol Northern Virginia Community 
Cooega 
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TIM PiitMr* 

Th* iutftor and m«ny of tm coiMQuM tMl WM 
ttctwKMogy And ni*<M c«n SAd will mw* tignilicanl 
contiibuiion* to Nw tut%»r« of iHOhor •<Uie«t>on 
tWM wtinMMd m«A]r*M«H>iM ov«r tho p«w tfocMM m 
«IMf| iho coinpulor •nhanccd mo H>dnrtduatiXftMn of 
Mtarucnon OAd OMOM ttw pr oloMor to M«pi in«irwo- 
tiOftloWwpf oonalnHJi ot»HiO>wi» Co«nput«ruMlo 
h««r manfto* procoM lookB promising ond M Iho 
cottt ol both coAirat proct««ino hvdwvo ond of l•^ 
nwiiM docfoOM. tfu* «ppro4Cft Will bo oppliod moro 
•Mtoomofy A coirotponding dovolopmont ol ioctmol> 
ogyi»*«poctod to carry oduunon ouiMdo tho Kttool 
•nd urwvonuty coolof to trt« hon«o ortd comflHUuty. ortd 
10 buonoo* and wduktnal contort 

WMD imuro vtot of c4bio tyitom*. it wut bo po«o>blo 
to put Nw moot dwodv«n*oood •ttMWOtt mto contact 
Mth ttw iMOot •dvontt9od rooourctt Much of on« « 
•dticoiion aJrotdy lokoo pioco ovtitdo th« ctoMroom. 
In ttw lutyro. it titouid bo mcrooomoty pos»>bio to 9uido 
tttti loorning by i*w wM ol tocnnoiogy 

A rocont antcio m tno W» S(/««t Jou/n«;>* rooo- 
•otm oducMonol ironds lc4ow* (D 4ncroas4|i9 
doinandlorcontinuH>0OduC«lion (2)morotMjub(l>t)ln 
itto coruortt and tiructuio of oducaoon. O) mora ut « 
ol compulara m odwcabon. (4) um ol vidoo4«ii». ) 
mofOu«aolcommunicatK>r«andmutt>rnodia (f)ira 
mg and odwcation approactwng 12% ol tn« grou nj^ 
ttonal product (7) productnnty incr**««». (8) moro ut^ 
ot low-cott opon ttruciurM, (9> growth ol taarmn^can* 
tara. (tO) m—tmo cofagaa paitarnod atitr Mid- 
Amarica Univar««ty, (It) FadarM fwpcot ol aducation 
tncraattng to 30%. (12) mora amphaM on lha da* 
vaiopmani of vaiuaa. (13} mara um of vtdao-packagad 
aducation. (14) tncraaaad u»a ol taaung and a trind 
toward cntar»on>rilffrancad wttmg ba«ad on spaciftc 
objactivaft. (iS) mcraating studani aipanita m cont- 
puiaraandparaonaiponaoiacaJcuiatora and{16)trw 
prtca of m«n*compuiar« dropping Irom SlOOOO to 
SI 000 ovar lha nan aavarai dacadat Tha onty "naga- 
irva ' in INS iuturacaat indtcaiaa tJw tha parcantaga ol 
our h*gi>>»cnooi graduaiaa who go on to lormai fwghar 
aducation mit not rtta abova S0% (comparad to l^a 
praaani 47%) 

How toon thaaa i/«nd« may ba raaiuad na» baan itw 
•ubiact of ipacuiaiion by Silbarman^ ind by tha au* 
tr>e4** Bouiding na» po*ntad out tntt irta acnooiiitd 
trMhiXry la tupporud ma>n»y through ona>w«y granH 
rathar than by tha Mta of aarvtcaa in an opan ivarkat. 
and conaaguantly ha« htiia incantiva to tncrtaaa it» 
prodwctnnty Ha writat aoout aHarnativa ttchmquat lor 
30l«M>gihaprob*am luchaa a vouchar plan that would 
raward Ktioola that achtava gra«tar productivity and 
aducationai bank* that would land studanu tha iuR 
coau ol thair aducauon «nth ti^ loans to ba pa<d by 
amrtcoma-iaisurcha/ga HaarguaatnaiiliducationM 
comariad to a marnat aconomy. n might ba ta»*ar to 
aatabtish a marhat to support prtviia tachnoiogicai da- 
yatopmanis 

In tha naxi dacada wa ahaJi aipartanca an avar* 
mcraaatng numbar ol chartgas thai wM trinsf ortn our 



iivaa and ttM world of aducatton Naw nsman>>iiL^ 
davaiopmant. nr ■ scmnca. naw »0C4a» sctanca ana 
naw tachnology will ba upon us with iccwaistwii 
spaad and tntartsrty 

Tha naw tachnology wtit induda irMcrocoa^irtariia 
tion (asar appkcabons. mora abundant powarsowrm 
mora s opNsiicatad b«o«nadics. a»ianai«a wsa oi %tm 
lilataiacommun»caiiorw.ar)dthaba9rwtangsola k«- 
anca ol laadarship." in th9 futura aacn siudtni 
racatva mstrucbon according to his or har ina^idw^i 
naada. Studants wiN laarn ai thax own pacts ws^ 
matariais and Iprasaniational sytiama ttiat fit iha cins 
ol davaiopmant Oompular«ysiamawililM(pia«ch«t« 
taacMng studsnts and dtagnosuc tasting, but msfuc 
tion will still ramain undar taachar conuoi Sivo«a« 
will laarn to UM graaiar rasponsibaity andmaka inot 
pandant dacisions Cnucal. anarytic thuMMig <mi ta 
sbassad. and studantt wui ftawa mora Iraadom and um 
4 to tncraaaa ttmi proWam'SOfwng aMit<as Tha? mi 
work as individuals and in small groups dwacuy •.m 
than laactms. Taachart wiN not ba raquMad to 
lasson plana stnca laarrang obfactivas and guidm wm 
hava baan faahionad for all sul>|tcts Instaao ta«ch«*> 
wHi spand tima dsvaioping spactalmiardiKipiinai) ob 
iactivaa and activitias tor a particular stwOtnt or sitva 
lion Basidaa Uadibonal fiomawori^ mora lima wm to 
spant doing intarsctwa lassons with ona » paranu ana 
mambars o* tha lanuty 

iikch has proposad that wa davoia mors anargy lo 
makMg < poasibla lor paopla toiatrn m tf\iO(inai i*nrf^» 
of thair normal daily activitias wtlhoul m«d4l«0A 0| 
sctwois or proisssionai adwcaiors** Ha argu*» iMt 
sinca tha cosi ol aducation tt risirtg lutw tncn ina 
productivity ol Iha aniira aconomy, it wouid b« cMtpt* 
to giva paopia mors parsor>al ratpor>s>b4iiy tor mt\4\ 
thay taarn arnl laach without tha aid of proiasvontis 
Hit first stop toward opamng tha acccas to twi, t wouta 
ba to provida incaivtrvat tor siutiad ind<vMiu«i» to msf a 
thaw tu>owladga Ha suggasts compwtaiiiad ma*«fv 
makarS to match paars. form lutor/studani comOt(«a 
tions craaia laarmrtg wabt 

An tmportant Oalphi tachmqua** Study ol Faci«i 
That H^va tnhibitad t Mora Widtipraad um ol Com- 
putart m tha msiruciiorvai Proctss wss dons 0| 
£DUCOm (tha Intarunivarsity Commumcsi^ont Cuwa^ 
c*) in 1977 tt contairtad liftaan raconvnanoad acvon 
plans as sug(^stad d^acboni lor braaiung im itaiw^^ 
quo cycia 

Claarly, aducation will ba ineraatinghr bioadcrwa 
through vocaliorul snd tachrvcal vairwng " Wa n««a 
wtnastad thasa trands akaady ai tha commwniiv co*> 
laga laval At l.asiar Brown hat put it. Ws may to 
tha varga ol ona ol tha graai diKontmuiiat m hwrMa 
history Thoaa wf\o thinli tha liflSl quarlar ol lh«s can- 
lury Will ba maraly an aiirapoiation oMha itwd wrfi M 
tarioutiy dwilunonad ' « 

Our chiidran will spand mors than hall Iharf h«as « 
Iha 21 St Cantury! In i W4 xhti* wtil ba a popuuaon «i 
abOulorwtHjndrtdmiilionAmaitctnSagad3to24 1m 
occupation lor moit Ol lham mil ba ttwd'Aj 1 1 
trtpoiations ol prstant trandt indicaias ^i •^l•n4» 
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twvtf tr«wiiom«y ifMAfMch $100 

» wilt tM th«r«*or« avaiitM* ov«r tht 
Mr& Many ar* toOlung tOO*r«f d to p«<1iCip*l- 
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MM« MM M Cm^PvMT 'AfAff f «M4llM. fM« York 

« J W TMTMMi Jr J. W trowA. Mt« tHOm m 

• WH AMMAMO It C otw»>. TfwJ* m«rwcnwn< 
••70 



CACSiwIwA 1*^ » 1 

H immtim A hofttm He Actiott N«w vorti iM7 

t« iMraiMi MMUfUM, H^CIMIIWW roMO«lt And JOMt 
f«JCt»*n ^» UNtSCO l>73. 

I) C I C*««rt U Prec hm Annu^ Mtiyw Cent vt 
«IM.»A««nc« t«7« p tit 
n JM • 1)1 

M R MiTM M C J McCwiMy Th» Fwlwtt lUnMd. 
•<*J*WI J tAfrri t«7t»p 1.27 

J I lipM<V "tM PTAMM tUM CAd •V0^b«n ot noA> 

»<«K«C«»IW«K« ■«MiM. 13 jy», it7« 

»Mi«M« C U M * crfcwi rMv*<Mn WMiM«ion 0 C N«- 

»• 9 tUtmm AAd K Com^MA ' On priM>A« moMA 

» I W IcJwwdw, touc*oof>*l 1thiMt09t 

»> Tk« AM M««wpA.' A*«M itopArm 1 JwA* i«7|. 
t^n 

f wAr n yt. H»vw<UA«««frr^«M. iN* 

*MMMM« 1M« 

*» M&tAlOMOA. fCMACONIpwIWKOAOmiMAVdUC*- 

(«M<M«A« r»cAn«#gfr (N» Si 47^» |»f I 
OC «4A.1M« 
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APPENDIX 15 

"Information Technology in Education 
Demonstration Program" Participants 



»M-»tr>Mr i 4M»eUU«« f«» "^^^^^ 
«/• C*Ucc4* fut* Mvmlty 
rm c«lllM, 00. 

fttlM* ^laMTt^ AUciyUBM mai mUciW affUsi mUmm 
^ ■■■■■■HI nkiacu tM^t ttowuli tte mm vt4«*CMMCtM* 

«ClM«rUf M«4Mtt to tiM MOn MMMtlM. 

ntf t i«4U— i iMtoMT* M« tMfeatwl to * 

— mi vtUmf •*M«ttott wvirrjHMtt. 



^ UOO VllMa M»4.. mtf TO 



Arll^lCOT. f A* tUO» 
tttUt TiHnni^irir taiii »l»totlj« to Tntotot* 

M«pU7» touractt** tlMtoOM mr smm. tlMtrMiu 

ZmS: Urn ml!t.lm VlSSSijVw^tm •U^ttmm ttet tf« I«mUU 
with Ml*tli« mlcri^f ■t«r t*eto*tofy 4«MMtr*t« •• * 

t>f— t c«^l—tM •fl»*> tf t f iw r a. 



•MMtlc MarMtiM >UfU7 ffitM (KM) 



MOl » it.. 

vmui^m. mom 



■>>^t fctt^r Mi M>Mt'— * T'r"*nl*" 

tMfl4M towmtlw mlmvtkU nrnm^tUm U •utiMtiUl 4mm^ 
MUtlul MlMM. •Mcrtftiy. mUmJnnX ftoMtoc. — 



1/ U.S. Congreai. Hou»t. Comlttet on Scieoc« 
— md Technology » Subco««lttt« on ScUnc«, 

Kfttttrch, and Tcehnoloty, and th« Co«lttee 
oo Education «nd Labor, SubcoMlttM on 
Saltct Education. Infonatioo Tachnology 
in Education. Haaringt, 96th Congrt«a» 2nd 
•attlon. AprU 2, 3, 1980. Wathlngton, O.S. 
CoYt. trlnt. 0££., 1980. P* 233-237. 
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Mfl— , >A. UIQ2 

Htut *noctt riamii imi nuai^* 

far— t AUl— c«t lM4i4l •t«4MC« Im U^tor >4wft»»> m< aUlUn 
Sc. Ml. SSIU 

vtck tte «Mifwt«T* tlwl«ctM«« tvcsrUt •Mret«M, 4riU-«a4-yr4eclcs 
vtu W sMm. 

Tar— » Aii4U««^t fl iMiuty, MCM4«ry« m4 ktglMT UtttMtim suiMU. 



ftt—— tf tof t KacImaI CayclMiat CMMt 
»UU CWfcHt TA. 22041 

Ftvmvk* • «*rklaf ••441 •t cl**«4-«aycto«l«t «f csl«vt«l«« 
S«ck • •ftCM cu to MMd M mU ckU4r«» vlU l«ATmlu 4Xv- 

UilltlM* 




o 
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Umt scMk* i.t. um 

iu>.«, >^ Ti ^l t^liMtt^^t 

•MM U — tlllMttf, MlMC*, iMCMf* MtC, m4 MU. U •44ttlM, 

• Mv fiMi>ic*tl— 4«vtM f*f tk« M«r«M«ciil«rlf lMa4ic«y^)tthat cm 
lst«rMt vltb CMf«t«r« m4 •tter MfMstc •! Uw ^rM*** MvltMSMt* 
will l« 4MM«trct«4* SmIi • •Ic f t f ywf fW M 4 lMr»l>c •Mftimat* 
UKc^ •4T««t«f« •( tM 41ccw«r7 m4« •! iMrmlait 9rM«c«c M«r>ttr-WM4 

Immm mi cMMyti Is • mv m4 crMtlv* mj* 



MuMtlMAl T*<kMl«C7 CMtcr 

IrvlM, u. fini 

«eV<«ct lUtf r —4 M«*c<tlM«l Ii»llftlM l 

rtUuy ■iMiit «o ftctmtlfU llttrscy, ^ytlct, •»< ttatlttUt 
Uu«kt tkiMtlt m« if mXcncmtmfx; lu^r •4T««t«t«« to v^ck • 
•ft— «!• (1> U« •tii4«*t tt U OA l«ttr4Ctl*« Jttralac •B*iroM«iit m4 

• tlt4M<> 

9* D— o— trtnf t 0«l*«rtUf mt D«lM«r« 
ruxo rrvjMt 

Tltlat **yfUc«tlM« *t • rUTO CMyuttr*WM4 K4wc«tl*ul SjttM* 

twfci«Ct lUtttf Mwc^tlM^l l«»llc<tlM i 

DM*utr«t % ^httmi ttylc* vlth m Mftk«tik m fhjticcl m4 tocl*! 
•cl«Mtt, grt* ••4 iMiMaitlM* k««ltli •^Uc«clM«« m4 k«tlc tklllt. 
tl»i* rr«Ti4«« • UfUf t^Jxlkl• iMnlac tjttM vith c«Ml4«rtkl« 
kM«a tatlM^rl^c fMt«r',, crtyUc 4ttyl4yt, m4 l«ttrMCiv« UM^ill* 
clM 4«il|M4 Isit tb* iMtrntait 9r*CM«* 



10. D^^MttrttT i OUk.-juc* 0»lv«rtltf 

lK«ytlM«l CkiU CMttr m4 

CMttr f«r lMtn*ettM«l rrWvct 0«*tlofM«t \ 
UfM. or. M3U 

TuUt *Xtcr*CMrittr/T14«*4lM f«r Uc«rutl*« CH for 

NoAtAllr Mmdic*ff4* 

Uh^C< >Utf r m4 »4MC<tloMl Uyltcotlw i 

fTOMoto cMfwt«r*M«Uto4 lutrvctlo* of *«rlouo 4rc« Mi 

r««41at yrogrMo tkrougk tk« um of *14«*4ltc cochMlofj* Thlt tjf of 
CMckiM Mt)M4j^H"* crWltioMl CAX l««rsl0S t'o$t*— tioco 

yroMsuttoM an m4« U M*-^lttM forwit*, cImm WMfltlos •o«-r««4«r4. 
TIM ll«br**U rrv Votvort vt4««4ttc« oiyUro tiM llaict to wlttch t«c«r«cciv« 
«tMMt««.c CM U M04 U ls4t*t<Ml lutrwctlo* (SH«t«ti »r«ou«cl4ClM ot 
tM MCM4«r7 Icvtl) u4 trM» IMtntctlM (kMlC CitMliac UilU ot cM 
•lMt«t«r7 Ittvol)* 

tcft A^UfMo i Nostolly t«B4lC«r#«4 m4 M > - fH<l f •( All •<«•. 
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— I M tMH — i in frwttilM^ MCMMX7 s^yMt «*4 MfTlcM tt tU U m w tf 



takcrMlx tae. 
iMkTlUa, KM7lM« 




299 



AIPKMDIX 16 
Selected l«f*rMc** 
Wrlttto trtttMOt of tb« lnt*rdltclplln«ry f itld of information ttchnology 
la •duc«tloQ h«s txptndtd tltnlf IcMtly durlnt tht p«tt dtctd*. Th« lltcrttur*, 
r«a|lng fro« pMphlttt tnd ttcholc*! puMlcttlont to books cod tptclclly comIc- 
•10D«d ovtnrlcv ttudlct. It th* product of • miltlf nc*t*d cownlty: congrcstlonal 

omftMrt, tMcuttv* brtnch prograa man«strt, •ccdm, Itvycrt end llbrsrlsni. 

i 

Information sjtttM conccptiullttt tnd ImpltMnttrt, •ducttlonal •dmlnlitratort 
•nd Instructors, tnd lu^r groups. 

In ordsr to fsdlltsts utillsstlon of this blbllotrsphy, ths sslsctsd 
sourc* ItsBs havs btsn orgsnicsd into two major cstsgorlas; 

(1) CongrssslO Bsl documsnts -»rsports. studlss. records of bssrlngs, 
compilations of pspars, snd blbllogrsphlss (srrangad by ysar), 

(2) Won-lstlslstlv branch publlcstlons— books, coofsrance procaadlngs, 
studlss, raports, blbllogrsphlc guldas, glosssrlss, and ancy- 
clopsdlss. 
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APPENDIX 17 
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and Coonunications Technologies Appropriate 
In Education (including H.R. 4326). Hearing, 
96th Congress, 1st session. Oct. 9, 1979, 
Washington, U.S. Govt. Print. Off., 1970 
p. III.' 
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Dr. J. C. R* Ucklider, Laboratory for Computer Science, Massachu- 
setts Institute of Technology 

Pr? Maxine Roekoffi vice president, planning and research, Corpora- 
tion ol Public Broadcasting , 

Dr. Vivian Homer, vice president, program development, Warner 
Cable Corporation 

Dr. James Johnson, director, academic oomputing. University of 

Iowa 

At>ril 3, 1980: 

Dr. Charles Moemann, associate vice president, Academic Resource 
planning, California Sute University, Fullerton, CtUf. 
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aession. April 2, 3, 1980. Washington, U.S. 
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n^^T"^' '"«=*«^""0''S. AHO INDIVIDUALS WORKING WITH EDUCATIONAL 

ABC/NIA SCHOOLDISC Program * 
Frtd VllhclBB 

T^her. d.v.lop Id... for vld.odl.c .„d TV peopl. l.pl.„„t 

^ohTt AXbr«cht 

Mtnlo Park, CallfornU - "Computer Town, USA. 
Berry Andereon 

^••hlngton Dnlverelty 

The iiore klde w.tch ^eeeae Street, the more they l.^rn 

' „.t""" - ~« H.ip:sVs:i.i:%'jr... .h.„ 

J* Andrltesen 

Phllllpe Reeearch Laboretorlea 

Medical atudentt liked a trial viAmnAim^ 

or film vldeodlac course more than slides 

Ovlght Allen 

Old Dominion University, Norfolk, Vlrglnls 

Berks Community Television (BCTV) 
Resdlng Pennsylvania 
Gerald Rlchter, Executive Director 
Interactive community television 
TV of, for and by the people. 

Open forums on issues, with phone-ins, split-screen 
Students interview sbout history, produce oln l^^. 

Karen Billings 

Columbia University. Helping educators use microcomputers. 
Alfred Bork 

University of California, Irvine 
Physics by computer tutorial 

«""l-«lon. .y.t.... graphic., vld.odl.c. 

U.S. D^i?;L''tVEd"c'^sr^;':j^ i'".j!;:.L°„"?%"*"" ^- 

.ntltl.di Tov.rd. Hor. Eff.ctlv. rl.^M^r ^ , Int.gr.tlv. Studl.. 
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Wllliw Bos«Ma 

Onlverslty of Iov« . . 

Ktilewlng .tudle. o£ Computer Managed Inatructlon. conclude. 

CMI la effective. 
Robert Branaott 

Sni^ruUrToup'/^o t.U viaeoai-c oanufcturer. «h.t th., w.nt. 
Ladvlg Brautt 

rrtUron''p«i:cr-'developed 24 .l«l.tlon,. u.ed the. In .cho.l.. 
Mlcroco«puter advocate* " > i 

Propoalng national centera of R & D for mlcroa In schoola- 

Brlghas Young Onlveralty. Co.puter Teaching Reaearch Center. 

'Sl^ctor, Alternative Media Center, New York University. 

Siitirr^'r^eg^Tco-laalon on Educational Televlalon. which 
IJHollI^deS^eorganlrlng public braodcaatlng In A Public Truat 

catholic Unlvaralty of Ai-erlca. Center ^J^^'i^^J^/*^^^^^^^ 

Graduate School for Education. Dr Joaeph A. Tucker. Director. 

^^^"^^na^^ctlonal Sy8te«a. Philadelphia public «hool«. 
Long experience with co«putera In schools. Kida and 
parenta learn together by computer. 

Peggy CKarren , ^ ^ 

Prealdent. Action for Chlldren'a Televlalon 
Ne%itonvllle . Maaaachuaetta 

Pro«>tea dlveralty and dlacouragea coanerclal abuse. 

Richard Clark , 

Center for Media Reaearch and Cevelopaent 
Unlveralty of Southern California. Loa Angelea 
Brldgea the gap between research and the application of 
educational technology. 

CONDUIT 

unlveralty of Iowa 

Jim Johnaon. Harold Petere 

Clearinghouae for courseware for college CAI 

Helpfc authora of couraeware. , ..^ j 

Reaearchlng educational ef fectlveneaa of graphlca and audio. 

Christopher Dede . ^ 

prealdent. Education Section. World Future aoclety 
The coats of conventional education will Increase, while the 
coata of conputerc in education will decrease. 
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St^tmrt DtMnbcrg 

State Unlvtrslty of New York, PUtttburgh 

A PLATO course for coaputer literacy 

costs of covputers la education vlll decrease. 

Peter Dirr 

Corporation for Public Broadcasting 

Fifteen willion American pupils a year use instructional TV aoaevhat* 
regularly* 

Sixty percent of colleges use ITV, especially cosnunity colleges. 

Christine Doerr * 

Microcomputer and the Three R's - *how to\ for teachers 

To« Dwyer 

Project SOLO, University of Pennsylvania. Helping students learn 
to use coBputera "SOLO** under their own control. 

Lester Eastvood 

Washington University 

Intelligent videodisc, although appealing, faces major barriera 
like teacher resistance, tight budgets vid lack of courseware. 

Judy Edwards 

Coaputer Technology Prograa, Northwest Regional Educational Laboratory 
MicroSIFT: Clearinghouse of microconputer materials for K-12 teachers. 

Charles Ferris 

Chairman, Federal Coaaunications Coonission 

Children's prograaaing has changed little in the laat six yeara. 
The technologies can transmit a much greater abundance of 
diverse progranaing. 

John Fielden 

The Costs of Learning with Computers , an analysis of the NDPCAL, • 
Raymond Fox 

Society for Applied Learning Technology (SALT), Virginia Conference 
on videodisc ' 

Lawrence T. Frase 

Bell Laboratories 

A thorough review of theory and reaearch in "educational technology' 
defined as science applied to educational practice. This review gives 
a backdrop to our survey of uses of hardware* 

Robert Cagne 

Educational Research, Florida State University 

Internationally known for relating hierarchical learning theory to 
Instructional technology, as he did in Principles of Instructional 
Design (1979). Cagne sees educational technology lagging behind 
research's prescriptions that aaterials (1) nake semantic encoding 
possible by providing larger meaningful contexts and (2) help learners 
realise their ^capacity for "metacognition," for learning how to learn. 
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Ceorge Vsshlngton University. Clesrlnghouse for Higher Educstlon. Vsshlngtoa 
O.C. Peter R* Kulrhetd, Director. 

Charles Goldstein 

Development of the ATS coaputer based educAtlonsl technology system 
at the Lister Hill Center of the Nstlonal Library of Medicine. 

John Hsu go 

Director, Hlnneaota Educational Coaputlng Conaortlua (KECC) 
The Xargeat educational computing network In the world. 
Almost every achool and college In the atate uaes cotDputers. 
MECC coordln«tea and aupporta. 

Jacquea Hebenatrelt 

Ecole Superleure d 'Electrlclte 

10,000 Klcrocomputera In French Secondary Schools 

Howsrd Hltchena 

Executive Director 

Asaoclatlon for Educational Comunlcstlona and Technology (AECT), 
Uaahlngton. 

Kaa overview of developsent of audiovisual Inatructlon. 

AECT will be publishing a book this fall on aedla for education by 

Eugene Vllkenson of the University of Ceorgla 

Horace Msnn Lesrnlng' Center. U.S. Department of Education. Grace Watson 
Chief. ' 

lodlsna University. Instnictlonsl Services Center. School of Educstlon. 
Dr. Klcholss Ansslow. 



Intcrnstlonsl Institutes for Educatlonsl Technology. A^^lnStonp Virginia. 
Dr. Gsbrlel D^ Oflesh, President. 

Dean Jamison 

Economist, The World Bank 

The Costs of Educatlonsl Hedls; Guidelines for Planning and 
Evaluation 

Per-student hour costs for rsdlo: 1-5 cents; for ITV: 5 -* 15 cents 
Cost analysis Is compllcsted snd spproxlmate. 

Linda Kahn 

Director o2 Curriculum Developnent 
Prime-Time School Television (PTST) 
Chicago, Illlnola 

700,000 teachers use PTST teacher guides for curricula based on 
TV progrsms like Roots and ABC Evening News . 

Robert Liwler 

LOGO Group, Artificial Intelligence Lab. Massachusetts Institute of 
Technology. A slx-yesr-old lesrns to write, and more. In a computer- 
rich setting. 
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KlC Laybootn* 

Director, Media Probes, Nev York 

Dolof TV series to help people understsnd TV. 

Proaotes people^produced TV« 

John LeBeron 

Haesschusetts Cducstlonel TV 

Director, Planning and Developaent 

Television by Children: A Production Culde for Toung 

Joseph tlpson 

Science Education, National Science Foundation 
Ne<.J aeathetic and esotlonal qualities In CAI 

Arthur Luehnunn 

Lawrence Hall of Science, Berkeley 

Bussing bushels of Apples (alcrocoaputera) to achools. 

The U*S> future depends on coaputer llt«rates, doers with computers. 

Andrew Nolnar 

' National Science Foundation, Resesrch In Science Education 
The next crisis In Aaerlcsn education - coaputer Uterscy 
Coaputer and videodisc - intelligent videodisc for science education. 

David Moursund 

University of Oregon 

Editor » The Computing Tescher 

Nstlonal Audiovisual Center, part of the National Archives In Washington 
D.C. Collects for ssle and rental all audiovisual materials (slides, 
vldeocassettes, and film) produced for and by the Federal government. 

National Educstlonal Association, Research Department. Washington D.C. 
Jean M. Flanlgsr*. Director of Research. ' 

National University Consortium Project 
Dr. Adele Seef 
University of Maryland 

The first nationwide TV university begins September, 1980. 
Coursec lead to B.A. 

Nebraska Videodisc Project 

University of Nebraska, Lincoln 

Rod Daynes, Director 

Educational videodisc R&D 

Teachers of tumbling loved using videodisc. 

Use for the hearing Impaired » 

Nicholas Negroponte 

Massachusetts Institute of Technology 

Media ropa; multimedia, multlsenaory input and output under 
learner's control. 

Imaginative uses of Intelligent videodisc, map-travelling, 
making movies modular. 




318 



Ted Nelson 

Computer Ub Preaa Hachlne 

Frank Nonrood 

Executive Director 

Joint Council on Educational Telecommunications (JCET), Washington, D.C. 
Educators «ust help fom nstionsl conoiunications policy. 
JCST aaaiata thia with atudiea and foruas. 

So«e foruas have uaed teleconferencing by aatellite at nodest cost. 
JCET offara to help th^ Departaient of Education to explore conferencing 
for the klnda of public dialoguea Tyler urges above. / 

Seymour ?ap«rt 

LOCO Project, MIT 

Kida teach procedures to tut'tle robot. Learning math without 
Cesching, in aathland. Cognitive growth may be different in a computer 
culture. 

Howard Feelle 

Instructional Application of Computers, University of Massachusetts 
box spproach - leta the atudent view the program het is using, 
removing mystery, providing models. 

Fenasylvsnia State University. Computer^Assisted Instruction Laboratory. 
Dr. Keith A. Hall, Director. 



Donald Bitzer, its fsther. University of Illinois, champaign/Urbana 
Robert Caldwell, Southern Methodiat University, says his FLATO 

reading program helps sdult nonreaders. 
Spencer Swinton of Educational Teating Service <ETS) found elementary 

PLATO math effective, reading not, and FLATO too expensive. 
Richard Murphy of ETS found FLATO project for community colleges 

made no difference in achievement. 
Howard Mark of Control Data Corporation ia hooking color FLATO to 

videodiac. 

Roaemary Lee Potter 

New Season! The Positive Uae of Commercial Television with Children , 
1976 Classroom sctivities using prine**tfne TV to teach thinking skills. 

Neil Postman 

Tesching ss a Conserving Activity, 1979 

TV is today's "first curriculum" for children; school the second, 
and schools should thermostatically balance the first with word- 
centered content. 

QUBE 

Columbus, Ohio 

Vivian Horner, educational programming 
Gerry Jordon, program development 

Cable TV viewera may push one of five buttons to polling by the studio 



FLATO 



« 



0 




319 



S«ul RockMa ^ 

Director, Agency for Instructions! Television, Bloonlngton, Indlsna 
Coordlnstes Joint progrsm projects by atste and Drbvlnclal agenclea. 
Acquires and distributes ITV programs. 

Nicholas J. Xushby 

Co«puters In Education as r Resource, Ingersoll College 
United Klngdo* National Developaent Programme 
in Coaputer-Assisted Lesrnlas (KDPCAL) 

William Rushton 

Center for Non-Brbsdcast Television, New York 
Director of Reaearch 

Viewer participation on tlnely topics via public television and cable. 

Gavrlel Ssloaon 

Hebrew University of Jerusalem 
A leading theorist .sbout medls. 

Interaction of Media, Cognition and Learn lng» 1979 

Explorea the ways a learning task Is affected by the degree of 
fit between t'le symbol systems of the medium and a learner's 
symbolic representstlons. 

Wilbur SchraflB 

East-West Communication Institute, Honolulu, Hawaii 

Educstor, philosopher and writer on Issues about communication 

and medls. 

Robert Seldel 

Human Resources Research Organization (HumRRO) , Arlington, Va. 
Computer almulatlons give unique learning, quickly. 

Sessae Place 

Lower Bucks County, Pennsylvania 

A playpark for klda, by Children's Television Workshop and 
Busch Entertainment. 

Seventy computers designed for kids with educational games that 
are fun to play. 

Joan Ganz Cooney, President, CTW 
Joyce Hakansson, Computer Coordinator 
Marilyn Rothenberg, Research 

Dorothy and Jerome Singer 

Family Television Research and Consultation Center 
Yale University 

Helping children view TV critically 
Materials for parents and teachers. 

Dorothy Jo Stevens 

. University of Nebraska 

Teachers have mixed feelings about computers, but 
think cofflpaters should be taught. 
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' Patrick Supp«« 

Stanford University. CAI In logic, set theory and languagits; 
Research on speech synthesis 
Computer Currlculua corporation: 

Urge scale use of basic skills drlll-and-prsctlce. 

The future: talking dialogues between students aod 

coaputer tutors. 

David ThoMS 

University of Iowa 

Surveyed evaluations of CAI - It 'a quicker. 
Ralph Tyler 

Science Reaearch Aaaoclates, Chicago, Illinois 
This evlnant educator puta our discussion In perspective. 
Educstlonal technologies need to be guided by an understanding of 
achoola, of whet teaching is and la not, of why teachers do and 
do not adopt technologies. 

Teachera and technologlata nuat develop programa together. 

The Secretary of Education should lead a widespread and Informed 

dialogue on educational lasues. 

U'^lveralty of Illlnola. Computer-Based Education Laboratory. Dr Donald 
L. Bltzer, Director. 

Unlvcralty of Hld-Aaerlca 
Lincoln, Nebraska 

Donald McNeil, Executive Vice President 
Develops and dlatrlbutea ITV for eleven states. 

University of Texas. Computer-Aslsted Instruction Laboratory. Austin, 
Texas. Wilson A. Judd and Harold F. O'Nell co-directors. 

Peter Wagshal 

Director, Future Studies Program, University of Massachusetts 

Spoken Input and output of future technologies will make reading 

a much less Important skill, anJ education should prepare now for the change. 

UICAT 

Orem, Utah 
Dustln Heuston 

Victor Bunderston (Mr. TICCIT) 

Educational systems are "mature", need new technology 

to Increase productivity. Intelligent vJdeodlsc Is Inevitable. 

The Xerox Palo Alto Research Center 
Allen Kay 
John Seely-Brown 
Iva Goldstein 

Using the computer as an Intelligent coach. 
Karl Zlnn 

Center for Research on Learning and Teaching, University of Michigan 
The multiple uses of micros In schools and colleges 
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APPENDIX 20 
Glossary of Tera« 

Th* pur( >se of this glosMry Is to provide useful, succinct definitions 
of selected terms which concern Information technology and Its roles In 
•ducstion. The ««Jorlty of these definitions orlglnslly appeared In The 
First Book of Infonuttlon Science * j_/ 

Algorltha 

A prescribed set of well-defined rules or processes for the 
solution of a probles In a finite number of atepa. 

Audiovisual —terlsls 

A colltctlve noun (not the name of s field), referring to a collection 
of Baterlsls and devices which are displayed by visual projection and/or 
aound reproduction; soaetlmea used (albeit Incorrectly) to designate a 
field of atudy. 

Binary 

1. The numbar representation system with a bsse of two. 2. A character- 
latlc or property Involving a selection, choice or condition In which there are 
only t%K> potaibllltlea. 

Bit 

A contraction of the term binary digit; It Is the smallest unit used to 
repreaent Information In a binary system. 

Buffer 

A temporary storage device used to compensate for a difference In the 
apeed of dsts flow or the occurrence of events when data are being moved from 
one device to another. 

"Bug" 

A mistake In the design of a routine or a computeri or a malfunction. 
Cable television 

The reception of long distance television programs retransmitted to local 
TV aets over underground coaxial cables. 

Character Recognition 

The technique of reading, Identifying, and encoding a printed character 
by optical means. 

"Chip" (or Integrated circuit) 

A miniaturized electrical (or electronic) circuit assembly with certain 
of Ita components reduced to microscopic size. Such a device may be smaller 
than a thumbnail yet houae the equivalent of hundreds of transistors, etc. 
The term "Integrsted" Is used becsuse the device's components are Inseparable 
and formed on (or within) a continuous mateilal. Integrated circuits have 
allowed the development of varying degr<tes of miniaturization In virtually 
all electronic audio and vlaual devices. Sometimes called a "chip." 



l/ Becker, Joseph. The First Book of Information Science. Oak Ridge, 
Tennessee, USERDA-Technlcal Information Center, 1973. 90 p. 
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Coiaunicatlon* 

Electrical «ystem« that can aend and receive infonution aeasagea* 

Co— unicatiooa aate llite 

An earth-orbiting device capable of relaying comunicrtioa aignals over 
long diatancca* ' 

Cowput^r 

An electronic nachine capable of procesaing numbers and letters of the 
alphabet for aany different purpoaea* 

Co«ptttar*aaalated ioatruction (CAI) 

The uae of a cosputer ayatea to preaent an instructional prograa to an 
individual student and interpret his response. CAI requires the uae of an 
on-line computer tervlnal and should diatinguiahed from computer-managed 
inatruction* 

Computer graphica 

Digital creation of inforaation diaplays* 

CoMputer-aanaged Inatruction (CMI) 

The uae of the cooputer to help the teacher aanage the educational procesa 
by aasasainf the atudent, auggeating a course of instruction, and monitoring his 
progreaa. To be diatinguiahed from computer-aaaisted Instruction* 

Computer-output microfiltt 

The tranafar of infonution from a computer to microfilm chrough an inter- 
mediate photogriphlc device. 

Computer program 

A aequence of Inatructions that cauaea a computer to complete a desired 

taak. 

Core Storage 

A form of magnetic storage that permits high-speed acceaa to information 
within the computer. 

Data banka 

L.argt accumulated filea of information in machine readable form for 
subsequent acceaa by usera via a computer. 

Digitizer 

A device which converts an analog measurement into digital form. 
Diak Storage 

A method of storing information in code, magnetically, in quickly accessible 
segments on flat, rotsting disks. 
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Drm Storttt 

A Mthod of ttorlng Information In code, ugnetlcally, on the surfact 
of • rotatlns cylinder. 

Electronic meattte tytea (EMS) 

SoMtlata cilled electronic message tervlces— • generic term uted to 
dtscrlb* computer-bated message iyitema— electronic mall, for extmple. 



Eltctronlc printing 

Th« coupling of Information itored on a aagnetlc tipe with hlgh-tpeed 
photocomposition macHine^ that automatically set type for printing. 

Ergonomics 

Tht dtslgn of efftctlve man-mschine systees. Ergonomics is ususlly 
concerned either with the design of furniture end other sspects of the 
environment to maximise hiaan performance or vlth the design of displays. 

Facsimile 

The optical scanning of « psge of printed or graphic information, its 
trsnsmlasion over communication lines, snd it* faithful reproduction at a 
distant receiving location. 

Ferrous Oxide 

A special substance that is coated on magnetic tapes and disks. It 
contslns iron psrticles that csn be nagnetired or demagnetired by a computer 
to represent binsry information. 

Fibre optics 

Class fibers which are used to carry optical impulses. 
Floppy disk 

A magnetic disk with s soft, flexible backing. Also called flexible 
disk. See also magnetic disk. 

Hologram 

A recording of ir.. jrmation in three dimensions using a coherent light 
source 

Information explosion 

The exponential increase in the growth and diversification of all forms 
of information* 

Information networks 

The interconnection of s geographicslly dispersed group of librsries and 
information centers, through telecommunicstions, for the purpose of sharing 
their totsl information resources amoctg more people. 

Information science 

The study of how man creates, uses, snd comaunlcates information in all 
f orns. 
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Information •y^tcM 

A formal mc.^.hod by \^lch information can b« found, delivered, and uaed by 
thoae «iho naed !<:• 

Input 

Tht process of entering Information into a computer and etpecitlly into 
ita memory. 

Languagg laborstory 

A special facility usad particularly In the aural-oral mathod of 
language teaching; of tan each learner haa a aeparate booth connected with 
a central atation vhich can receive hla/her apeech, record it for him/her to 
play back, and alao provide him/har other llatenlng nodela of the language. 
(Alao callad learning laboratory.) 

Languaga procaaalng 

Tha uaa of computer programa to manipulate worda and ideaa for functional 
purpoaea. 

Laaer 

A tightly packed, narrow beam of light formed by the emlaaion of high- 
anargy aoleculae. 

Ubrariaa 

Placea where Information of all klnda ia atored, aysteoatlcally organized, 
and made available for uae on requeat. 

Library Autoaation ^ 
Application of coaputera and other technology to library operations and 
aervicea. 

Library science 

The study of the wsy libraries select, scquire, catalog, circulate, and 
make available booka and other inforaation. 

Machine Language 

A code uaed directly to operate* a coaputer. 

Machine readable 

Information In a form auch aa punched holea or magnetic codea that can be 
proceaaed directly by cooputera and other machines. 

Machine tranalation 

^ Ihk uae of computer prograaa to tranalate one language into another. 

Magnetic dlak 

A ferroua oxide platter used for storing Inforaation in a way tluit laakes 
it directly accessible for coaputer processing. 
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>Utn«tlc Ink Ch<fCt»T Rtcotnltlon (MICK) 

A Mthod of ttorlnt l-iormstlon In ch«rtct«rt printed with Ink contilnlnf 
partlcltt of MtQCtlc Mttritl. Th% loforsatlon can b« detected or retd tc 
high speed by sutoiMtlc devices. 

Matnetlc tspe 

A long strip of arlsr plsstlc coated vlth ferrous oxide on which Mnsry 
Inforastlon wmy be stored, read, or erased. 

Weaory 

An^sutoMted device that stores InfonMtlo:^ for Ister recall* 4^ 
Microfiche 

A sheet of flla that storea laagea of a reduced slxe In a grid pattern. 
Mlcrof lU 

Photographic flla used for recording graphic Information In s reduced 

site. 

Mlcrocowputer 

The terv "sicrocoAputer," which vas first used to denote a subclass of 
alnlcoBputers dedicated to single tasks snd seldos if ever raprograaaed. has 
becowe a distinct category. Mlcrocooputers are sosetlaes called "single chCp 
LSI processors," "coaponent processors," or "plco-coaputers," with no one Csrm 
fully accepted. They are used as "stand alone" systeai to provide sdded capa- 
bilities to standard coaputlng Installstlons snd to enhance logical functions 
for noncoaputer products, e>g>t specialized television display. Including 
videodisc See also alnlcoaputer. 

Micrographics 

The use of alnlsture photography to condense, store, and retrieve graphic 
Inf ora«tlon. 

Microsecond 

One Billionth of a second. 

Millisecond 

One thoussndth of s second. 

Mlniccwputer 

A saali, powerful, usually rugged and coaparstlvely Inexpensive, general 
purpose coaputer. They are often eubgrouped as alnl-, aldl, and aaxl'COaputers 
according to the aaount of storage they have (usually given In bytes), the number, 
and kind 9f peripherals they use, and the price range* Minicomputers (all 
subgroupi) usually have a more Halted set of Instructions than do larger computers. 
Instead of a fixed control section In the centrsl processor, nany alnlcoaputer s 
hsve programmable alcroprocessors which can be programaed for different 
applications. See also alcrocoaputer. 
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The portion of the coaputer vhlch performs the cslculatlons snd decisions. 

Metnetlc cartridge 

A etorage container for ougnetlc storage media. 

Network 

1. In general, a syatea of Interconnected points, agencies, organizations, 
or institutions which can distribute or Interchange resources, energy, or 
Information. 2. For broadcaatlng, a croup of rsdlo or television brosdcsstlng 
atatlcna connected by relays or coaxial cable so that all stations may broad- 
cast a aiogle program, originated at one point, simultaneously. 3. For 

information, a ayatem of Interconnected or related data banks or Information ( 

aourcta f ro« which data can be acceaaed (and aometlmes stored) from a number 

of polnta; usually ualng electronic means* ^> For computers, two cr more 

Inte^onnected computers that perform local processing as well tranamlt 

meaaagca to one. another and/or to a central computer for updating Informatiou 

and/or proceaalng Inqulrlea. 5. For libraries/learning resources centers, 

a formal organization among libraries and learning resources centers for 

cooperation and adhering resources usually with s hlersrchlcal structure snd 

subgroups . 

On-Ilna 

The connection of a diatant user termlnsl to a centrsl computer through 
a continuing communication hook-up. 

Optical Character Recognition (OCR) 

The ability of a machine to acan a printed letter of the alphabet and 
diacern which one It is. 



Picture phone 

A new device that permits you to see the person you are calling when 
making a telephone call. 

Progrtaning language 

A apecial language aupplied by s computer manufscturer for writing 
programs that cause the computer to function according to a programmer's 
instructions. 

Programmed le^.tting 

A method of self -instruction achieved by s series of carefully designed 
items, which require responses from the learner and then provide information as 
to the accuracy of the response. 

Publish 

Putting an author's creative work into s form that csn be distributed to 
many people. 
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Punched CMrd 

A itlff paper card of exact dimensions into which hole* are punched to 
represent information. Subsequently, the information can be sensed and 
processed by mechanical, electrical, or optical machines. 

Punched paper tape 

A narrow strip of paper Into which holes are punched to represent 
Informstion for subsequent processing by machines. 

Random Access 

A technique for storing and retrieving data which does not require a 
strict sequential storage of the data nor a sequential search of an entire 
file to find a specific record. A record can be addressed and accessed 
directly mt its location in the file. 

"Read- write" head 

A ssall electrooagnet used for reading, recording, or erasing polarized 
spots, which represent information, on magnetic tape, disk or drum. 



The technique of computing while a process takes place so that results 
can be used to guide operation of the process. 

Selective dissemination of information (SDI) 

Cooputer selection and distribution of information to specific 
Individuals based on their prestated subject interests. 

Semiconductor chip 

1. A solid or liquid electronic conductor, vith resistivity between 
that of metals and that of insulators, in v\ti.ch the electrical charge carrier 
concentration Increases with Increasing temperature over some temperature 
range. Over most of the practical temperature range, the resistance has a 
negativ- temperature coefficient. Certain semiconductors possess two types 
of carriers: negative electrons and positive holes. The charge carriers are 
usually electrons, but there also may be some Ionic conductivity. 2. An 
electronic device, the main functioning parts of which are made from semi- 
conductor materials. 



~ The collection of man-written solutions and specific instructions 
needed to solve problems with a computer. 2. All documents needed to 
guide the operation of a computer, e.g., manuals, programs, flowcharts, etc. 

Optical scanner 

1. A device that scans optically and usually generates an analog or 
digital signal. 2. A device that optically scans printed or written data 
and generates their digital representations. 

Telecotmunicatlons 

A term pertaining to the communication by electric or electronic means 
and/or the transmission of signals over long distances, such as by telegraph, 
radio, OL television. Telecommunications in a broader sense Includes not 
only the technical aspects of transmission but also such aspects as the 
development of oessages and programs and studies of audiences. 
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Tel«vl«ion 

A aethod of bro«dc«ctiag tRforaatlon so that people see and hear It at 
the MMwk tiae« 

Temlnml 

A reaote cooaunlcstlons hookup to • computer that may be used for either 
Input or oi^tput. 

Tlar-sharlng 

Use of a central co«puter Sy sany Individuals In different locations at 
the saae ti«e« 

Vldeodlac 

A disc, usually plastic, on which are recorded video and/or audio signals 
for television use. A videodisc requires a vldeoplayer compatible with the 
vldeodlac* 
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APPENDIX 21 
Acronyn* for Key Organlxttlont and Syatems 



ASIS - Aaerlcsn Society for Information Sclertce 

ARPANET - Advanced Reaaarch Projecta Agency Network 

ADCIS -* Aaaoclatlon for Developwent of Co»puter-baaed Inatructlonal Syatema 

AltPA ^ Advanced Raatarch Projecta Agtncy 

AECT - Aaaoclatlon for Educational Co««unlcatlona and Technology 

AID " Agency for International Developoent 

AT4T - Aaerican Telephone and Telegraph.Coopany 

BLM - Bureau. of L^nd Managcsent 

CDC - Control Data Corporation 

CEDPA - California Educational Data Proceaslng Ajsoclatlon 

CIMS - Coaprehanalve Inatructlonal Manageaent System 

CBS - Coliaibla Broadcaatlng Syates 

CTBS - California Teat for Baalc Skllla 

CPB - Corporation for Public Broadcaatlng 

DARPA - Defenve Advanced Research Projecta Agency 

DHEU " Departaent of Health, Education and Welfare 

DOA • - Departaent of Agriculture 

EPA - ,Envlronaental Protection Agency 

EDUC(M - Inter-Unlveralty Conaunl cat Ions Council 

EOP - Executive Office of the President 

EDONET - EDUCOH Network 

ERIC " Educational Reaourcea Inforoatlon Center 

CLODOH - Global Doaestlc Satellite Systeo 

CKP " Cross National Product 

IBM - International Bualneaa Machines Corporation 

MEDLINE - MEDLARS On-line 

HIT - Massachuaetts Institute of Technology 

NIMIS - National Instructional Materials Infornaclon Systen 

NEEDS " New England Educational Data Systess 

NTIA - National Telecooounlcatlons and Information Adnlnlstratlon 

KBC - National Broadcasting Conpsny 

NSF " National Science Foundstlon 

NIE - National Institute for Education 

NEA - National Education Association 

NASA " National Aeronautics and Space Adalnlstrstlon 

NICEM - National Inforoatlon Center for Educational Media 

NIM - National Library of Medicine 

OTA - Office of Technology Asaessisent 

OTP - Office of Telecooaunlcstlons Policy 

TICCIT - Tine-shared, Interactive, Cooputer-Cont rolled Information 
Television 

WIICLIS - White House Conference on Llbrsry snd Inf onaatlon Services 

WINE - Western Information Network on Energy 

WICAT - World Institute for Computer-Assisted Teschlng 
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